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PREFACE 


THE    SECOND    EDITION. 


Im  bOOEiHO  BACK  to  tlio  timo  whon  the  firat  edition 
of  tliu  work  appGOR-d,  I  cannot  help  feeling  con- 
siderable satisfAotion  at  the  progrcM  which  tho  Bub- 
jcet  treated  of  in  this  volume  hai  made  since-  tht-u. 
both  tdtiUtiSeaMj  and  profeationally.  Ten  years  ago 
Bwdkal  men  hold  ^vanism  in  Tety  low  eRtimntion ; 
nports  of  cnrea  by  electricity  were  received  with  an 
QCmlalouii  Rmilo;  there  was  only  one  hospital — 
uy'a— where  electricity  wus  regulariy  used;  and 
it  waa  appliml  in  an  antiquated  fashion,  and 
Hi  OM  rulegtttud  to  norsee  or  dressera.  At  the  pre- 
it  time  not  a  few  hospitals  poasesa  the  necessary 
eetrieal  apparatus;  able  tenofacrs  arc  instructing 
lU  in  its  Bcicutific  application;  and  the  first 
lical  society  in  tlie  kin^om  has  appointed  a 
[tnuafttee,  composed  of  some  of  tho  most  eminent 
ibers  of  the  profession,  for  invcsti^ttng  the  tJio- 
mpuutical  use  of  electricity.   This  vs  ft  great  change ; 
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baf  (]tii(4;  as  great  10  the  cluinge  wiiich  Itas  (wmo  1 
the  Hcienttfic  a»pect  of  the  subject.  Tlie  xilt^^iulogic 
action  of  tho  difieicnt  fomu  of  electricity  butt  bevn 
tnuoh  more  thoruu^jlily  studied  tbao  it  ercr  wba  bo- 
forn* ;  ihvir  pWv  in  thcrapeulioD  Liut  not  onIybix.'ome 
better  defined,  but  also  considerably  enlarged,  and 
rests  on  a  linuer  basis ;  and  the  special  indications 
for  the  use  of  tJic  scrcrnl  ngeats  wliicb  aru  coiupr«- 
lii'ndHl  under  Uio  nauio  of  electricity  and  galvaoum 
an:  much  bett^^r  undci'«t«od.  All  this  must  of  oeces- 
mty  be  a  source  of  gratification  to  tJiose  who  hare 
held  fiiat  to  the  remedy  in  evil  times ;  but  just  as 
great  and  well  founded  is  their  hope  that  the  sphere 
of  pra4itical  usefulness  of  this  still  mysterious  power 
Biay  in  future  eren  be  further  ext^^ndod  tliiui  it  is  at 
preeenL  Where  scarcely  a  month  inassfs  without 
au  itccumulation  of  now  fiicts  t<howing  the  beneficial 
results  which  may  be  obtained  from  a  judicious  use 
of  eleotricity  in  rarious  disorders — and  not  uncom- 
monly  just  in  thoae  which  are  not  amenable  to  otlior 
remedies,  such  n«  progressiTe  muscular  atrophy,  and 
epileptiform  nL'uml^a. — we  may  wi-ll  cburiHb  tb6^ 
hope  that,  as  time  advances,  and  our  knowledge  of 
the  agent  becomes  more  intimate,  furthei-  improve- 
monts  in  the  mode  of  nsiug  it  miiy  bu  madti,  ajiil;| 
lUrtbcr  indications  for  it«  tberupuuticul  appUcatiti 
may  bo  discovered. 

The  present  edition  of  this  work  is  considerably 
enlarged ;  its  therupoaticaJ  part  has  been  almost  en- 
tirely re*wntten,  ovring  to  the  accomulation  of  eri- 
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ibovnng  tbe  itrtking  remedial  effects  of  the 
contiaaods  ^ajvanic  current,  of  which  oiily  little  WM 
known  when  the  first  edition  appearecl. 

Another  ehaujre  in  the  book  has  been  the  intro- 
duction of  a  Dunib«r  of  illustntions,  which,  it  is 
hoped,  will  greatly  contribute  to  s  better  compre- 
liension  of  the  t^xt.  For  the  loan  of  some  of  them 
I  un  obliged  to  I^fessor  lienedict,  of  Vienna  {Sgs. 
&,  to,  43,  46,  47) ;  M.  Gaiffe,  of  Farts  (Sgn.  40-32, 
65);  Dr.  Morcll  Markc-nzie  (fi;;.  57);  Dr.  Heyor,  of 
Berlin  (6g*.  24,  25,  29) ;  Profesuor  Schwanda,  of 
^^rieona  (Ags.  1-8),  and  M.  Tripier,  of  Paris,  autlior 
H^the  •Manuel  d'Klectroth^rapie,'  Paris,  Baillif<re, 
■|b61  (figi-  11,  14-23.  30,  42,  44,  45,  48,  53,  54, 
^W,  &8-00,  62).  To  all  tJiese  gentlemen  my  best 
tbankB  ore  due  for  their  readiness  in  aiding  me  to 
make  this  work  more  complete  than  it  could  have 
baoo  otherwise.  All  the  other  illustrations  are  ori- 
pnal,  and  haw  b«^n  taken  from  the  instruments 
tntriMluoed  and  utnployed  by  myxvlf. 

In  coodnsion.  I  heg  to  express  the  hope  that  the 

Quw  edition  of  this  work,  upon  which  I  have  bestowed 

much  time  and  core,  under  a  heavy  pressure  of  both 

mt«  and  hospitiU  practice,  may  aenre  to  advauoe 

{jDportant  department  of  medical  icivQcc. 

;  IB,  Bktamtoh  Bnar,  I^KnunSaoua: 
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Thkkk  akk  psw  bemgdies  omplojed  in  the  treatment 
of  disease  on  the  valne  of  which  the  profoBSionol 
mind  is  less  settled  than  on  that  of  galvanism,  En- 
thiuioatic  panogyriirt*  contended  filly  years  ago, 
and  contend  still,  that  It  is  a  therapeutical  agent 
superior  to  all  hitherto  discovered,  whilst  the  great 
majority  of  the  profession  entertain  serious  doubta  ns 
to  the  reality  of  the  remarlcahlo  snoocmes  which  are 
now  and  then  recorded  by  medical  galvanista. 

The  difierences  of  opinion  about  the  therapeutical 
value  of  electricity  are  readily  to  be  understood  if 
we  bear  in  mind  that  the  mode  iit  which  electricity 
is  applied  has  an  nll-iuportant  bearing  upon  the 
results.  It  is  true  that  even  by  u  carolesfl  employ- 
meat  of  ^raniiim  a  few  accidental  successes  have 
been  obtained ;  hut  in  ninety-nine  cases  out  of  a 
hundred,  empirical  galvanista,  being  unacqnaint^ 
witli  the  physiological  eSbctft  of  electricity,  hare 
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been  disappointed,  and   have   brought  the  remedy 
into  ondeserved  contempt, 

W©  know  that,  whatever  may  be  the  properties  of 
nerves,  they  can  be  called  into  action  by  galvan- 
.     Bnt  the  cffet.-ts  are  widely  different  according 
to  the  form  of  electricity  that  is  used ;  again,  the 
quantity  and  intensity  of  electricity  are  both  of  great 
portance ;  not  less  so  the  mode  in  which  it  is  tranB- 
mitted  to  the  Inimaa  body,  and  tlie  length  of  time 
during  which  its  action  is  kept  up.     In  fact,  wc  arc 
able,  by  merely  varying  the  modes  of  applying  elec- 
_      tricity,  to  arouse  or  to  kill  the  vital  power  of  the 
^Hnerres,  and  to  diminish  or  to  increase  their  proper- 
ties.    Hence  electricity  can  only  be  expected  to  be  of 
service  in  the  treatment  of  disease,  if  we  are  guided 
in  its  use  by  an  exact  knowledge  of  the  physiological 
effects  which  it  will  iuvoriably  produce.     I  hare, 
therefore,  been  most  anxious  to  render  the  physiolo- 
gical part  of  my  work  as  complete  and  comprehensive 
as  possible. 

That  there  is  at  present  so  little  certainty  respects 
tiw  physiological  and  therapeutical  effects  of  elcc- 
leitf,  is  in  some  moasuro  due  to  the  vast  extent 
of  tlie  field  that  is  to  be  explored,  and  to  the  com- 
,p«ratively  short  time  that  has  elapsed  since  scientific 
hes  of  this  kind  hare  been  undertaken ;  also 
to  the  intentional  faJsehooda  that  have  been  pub- 
lished, even  in  the  present  time,  about  pretended 
cares  by  means  of  electricity ;  and  especially  to  the 
11  number  of  observers  who  huvo  dcvotvd  them- 
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selves  to  tlie  stady  of  Uieae  phenomena.  We  posseM 
a,  large  nmount  of  valimble  information  and  czperi- 
onco  oonceniitig  tho  cfftic-ts  of  internnl  retncdics  upon 
the  BTstem ;  ivc  kiiow  vrliLTti  to  procure  »uj  how  to 
prepare  most  dmgs ;  we  know  how  to  combine  them, 
and  in  what  coses  luid  in  what  doses  to  administer 
them  witli  odrautag^e.  But  in  recpect  to  eloctricitj 
wo  bare  no  such  oertainty.  Wliat  form  of  clectricitj 
sbotUd  bo  used  ?  in  what  cu«C8  sliould  it  bo  employed  ? 
shall  we  act  indiAcriminntuly  upon  the  different  tia- 
Buea,  skin,  mu8clc€,  and  nerroe,  or  shall  we  limit  the 
action  of  electricity  to  each  one  8iii|»ly  ?  It  is  cnjiy  to 
understand  that  wo  cannot  expect  bcnelicial  results 
from  the  application  of  electricity  if  it  is  apfdied  by 
empirical  galvauista ;  if  the  coses  are  not  well  ae* 
lected ;  if  the  Rppumtus  employed  does  not  posMM 
those  qualities  which  arc  necessary  for  medical  uae ; 
if  the  dose  of  electricity  given  b  too  large  or  too 
small,  and  if,  instead  of  acting  upon  the  diseased 
part  alone,  tho  whole  body,  or  part  of  the  body,  is 
acted  upon.  If,  on  tho  contmry,  such  mistalccA  as 
the  above  are  avoids],  electricity  will  be  found  a 
most  Taluuble  therapeutical  agent,  by  means  of 
which  many  morbid  statt-s  of  tho  system  may  be 
relieved,  and  even  wholly  cured. 

It  no  doubt  sometimes  happens  that  in  cases  which 
to  all  api>earoiioe  are  suited  for  electric  treatment, 
and  in  which  the  agent  bus  oven  been  judiciously 
employed,  it  nevertheless  produces  little  or  no  bene- 
fit.   In  loct,  electxicity  is  u  little  iafaUiblo  as  any 
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remedy  we  posgeM.  Bat  nobody  will  doubt 
tbe  remedbt  powers  of  qiunitic.  if  it  should  happen 
to  leave  uitciii>^^  n  few  cows  of  ague :  and  croton>oit 
will  Alvrny!!  tw  n-ckoncd  tunongat  oitr  most  efiicaciouit 
apcrtenta,  although  it  does  not  invariabl/  relieve 
FOoiutipation. 

Tlu-re  is  another  important  point  npon  which  I 
foel  obliged  to  dwell:  patieut«  ore  reoommeaded  by 
their  pbj«iciana  to  undergo  a  course  of  galranic 
^tettmcnt  in  many  insttuic«s  only  itfter  ercry  other 
remedy  hoe  been  tried  without  hucwss,  and  when 
the  diMsae  ia  of  such  long  standing  as  to  afford  but 
little  hope  of  ultimate  recovery.  Wliat  benefioiaJ 
results  might  be  obtained  in  certain  affectiona  of  tbe 
nemms  syitem,  if  the  clectiio  trcatinent  ivcre  rc- 
•orted  to  in  on  citrltCT  stage  of  the  complaint,  may 
be  ooDooived  from  a  pcntsal  of  the  chapter  in  which 
the  effeeta  of  faradisation  in  a  number  of  cases  of 
Ji^jstvrical  aphonia  are  detailed.  I  shall  be  especially 
'  grmtifltd  if  I  (Qoeeed  in  inducing  more  frequent  re- 
eovne  to  the  electric  treatment  in  certain  forma  of 
aeurmlgiih  which  defy  all  other  therapeutical  trcnt- 
ment,  and  which  ate  wonderfully  onionahle  to 
doatridty. 

KnaUy,  I  must  allude  to  the  mistake  frequently 

Bude  of  employing  galraoinn  alone  without  any 

^iDlemal  KyniLHlie*.     I  am  quite  wtiaSed  that  some 

[aflbottona  of  the  aorrous  systoni  cut  bo  cured  by 

idcctricity  alone  {  but  in  the  majority  of  cases  n 

limaltanecnui  intenuU  treatment  is  of  the  greatest 
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impoi'taiice,  and  should  not  be  neglected  if  we  wiBh 
to  mcreaae  the  chances  of  sncceBS. 

Most  of  the  caaea  which  are  reported  in  this 
Tolome  hare  been  obserred  and  treated  by  me  either 
in  one  of  the  Metropolitan  HospitalB — King's  Col- 
lege, St.  Mary's,  and  Samaritan  Free  Hospital — or 
in  the  private  practice  of  eminent  members  of  the 
profession,  to  whose  kindness  in  sending  me  cases  for 
the  electric  treatment  I  beg  to  tender  my  sincer^t 
thanks. 

March  ISfiS. 
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MEDICAL    ELECTRICITY. 


CHAPTER  I. 

FORMS  OF  ELECTRICITY. 

In"  the  present  atate  of  plijaical  science  it  is  generally 
admitted  that  all  bodies  contain  a  very  subtle  fluid 
called  Natural  Electricity,  which  is  composed  of  two 
conti-ary  fluids,  termed  positive  and  negative  elec- 
tricity. We  suppose  these  fluids  to  consist  of  an 
infinite  number  of  amallest  particles  or  molecules, 
each  of  which  possesses  attraetire  and  repulsive 
powers,  the  molecules  of  one  attracting  those  of  the 
other,  whilst  the  molecules  of  the  same  fluid  repel 
each  other.  While  bodies  are  at  rest,  these  fluids 
exist  in  such  proportion  that,  although  they  do  not 
destroy  each  other,  their  efl'ect  is  counterbalanced  ; 
since  at  the  same  distance  the  attractive  power  of 
one  of  the  fluids  is  equal  to  the  repulsive  power  of 
the  other.  Natural  electricity  must  therefore  be 
decomposed,  if  an  action  shall  be  perceptible.  De- 
composition of  natural  electricity  is  brought  about  aa 
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soon  as  disturbances  of  ajiy  kind  are  impressed  upon 
bodies,  wher«by  a  derangement  is  produced  in  the 
equilibrium  of  the  molecules ;  as,  for  instance,  wbea 
bodies  are  subjected  to  friction,  heat,  or  chemical 
action.  Bj  such  and  other  means  an  electro-motiTe 
force  is  called  into  existence,  which  separates  the 
two  fluids  formerly  united ;  natural  electricity  is 
decomposed  and  active  electricity  liberated,  the  nature 
and  intensity  of  which  present  certain  differences, 
which  depend  upon  the  nature  of  the  body  from 
which  it  is  derived  and  upon  the  action  bj  which  it 
is  developed ;  but  active  electricity,  whatever  may  be 
it«  source,  is  identical  in  its  nature ;  it  exerts  at- 
tractive and  repulsive  powers,  produces  heat,  light 
shocks,  magnetism,  and  is  ready  to  tear  asunder  the 
elements  of  chemical  compounds. 

The  principal  sources  of  electricity  are  friction, 
chemical  action,  magnetism,  and  the  animal  body ; 
they  will  be  briefly  considered  in  the  following  pages. 
We  shall  first  take  a  short  glance  at  static  electricity, 
or  elecbricity  produced  by  friction  and  inductive  ac- 
tion ;  then  proceed  to  examine  dynamic  electricity, 
under  which  head  are  comprehended  galvanism, 
electro-magnetism,  and  magneto-electricity ;  and 
finally,  sketch  the  present  state  of  our  knowledge  in 
animal  electricity,  such  as  is  produced  by  the  general 
metamorphosis  of  matter  in  the  living  body. 
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L-^9TAT1C  ELECTRICITY. 

3Te  two  thotuand  ycus  ago  Ui6  loniiLti  plii- 

Dplior.  ThiJt'*,  dUcoTCTod  that  pivcea  of  amber, 

when  nilibcd  with  dry  cloth,  nttruct  light  bodiea 

which  are  placed  in  their  neighbourhood;  hea(^e  he 

coBcloded   that   amber  possessed   a   soul,  and   was 

nonrished  hy  the  attracted  bodies.     We  now  know 

that  amber,  when  rubbed,  acquires  the  pro]>erty  of 

attractin;;  li^ht  iMdiua,  sacti  us  hita  of  pap«>r,  morclj* 

becauM  by  fiictiun  the  natural  electricity  of  umbc-r  is 

IdoCOmpoMd,  and  nv^ativc  or  rvsinoiu  vk-ctricity  in 

IDOcnmii)aU.'d  in  ihe  state  of  rest  apon  the  rubbed 

body.     If  the  amber  be  now  approached  to  bits  of 

•  fvpcTf   thu   negative    uloctricity   with   which    it    is 

^charged,  necesarily  exercises  its  attractive  and  i-o- 

puUrc  powers ;  it  decompoeea  forthwith  the  nattinil 

rtl«)ctricity  of  the  bits  of  paper,  repelling  into  the 

[ipound  the  negative  electricity  of  thetio  bodies,  which. 

gbeing  now  charged  with  poeitiro  electricity,  imrae- 

tdiaiiily  obey  the  attraction  exercised  upon  them  by 

th«!  negatively  electi'ised  amber.    For  amber,  glasa  or 

sealing-wax  may  be  subatituted. 

Oomnum  EUrtrifal  Mafliinf, — The  essential  parts  of 
the  ordinary  electrical  machine  are  thu  rubber,  the 
rublHHl  body,  and  the  prime  conductor.  The  rubber 
.  generally  consists  of  a  pair  of  leather  cnshions,  which 
'an  anulgamuted  with  a  paste  composed  of  sine  and 
tin  turnings,  triturated  with  mercury,  and  rubbed 
up  with  lard.     Tbe  rubbed  body  is  n  large  disc  of 

a  1 
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white  plafce  gloss,  mountol  oa  an  azl«  of  ^i?on  gL 
At  the  ood  of  the  latter  a.  haii<llc  i»  fixfd,  bj  rncaruP 
of  which  the  disc  may  bo  turned  round  hctwot-n  tho 
leather  cushions.  If  positive  electricity  is  required, 
a  oictallic  ctiain  is  fixed  to  the  cushions  and  con- 
nected with  the  ground,  in  order  to  carry  off  the 
negative  cloctriciiy  of  (he  ciiithions;  positire  elec- 
tricity then  ttccamuluti-«  on  the  fjlusa  disc,  ond  may 
be  drawn  off  by  thu  prion:  eondueliyr,  which  consi 
of  sevcntJ  bollovr  btsss  balls  connected  by  two  hnri-'' 
xontal  gbixs  tubes,  which  rest  on  coluniiiK  of  ghu«fi, 
and  which  is  connected  with  the  horixontal  diuiiieter 
of  the  disc.  If  negative  electricity  be  required,  the 
chain  which  toiiclios  the  ground  is  conuucted  with 
the  glass  disc  instead  of  with  the  cushions,  so  as  to 
carry  off  the  positive  electricity  which  is  evolved.  A 
portion  of  the  glass  disc  is  genemlly  covered  with 
oiled  silk,  ilk  order  to  prevent  the  electricity  set  tieaj 
from  dispersing  into  the  atmosphere.  When 
machine  is  in  action,  a  peculiar  smell  is  perceived, 
which  iei  Iialf  sulphnroiis  and  half  phosphoric,  and  is 
duo  to  tlie  Iniiitifomuition  of  tlie  comiiK^i  oxygen  of 
the  atmo«phere  into  electrified  oxygen  or  ozone. 

Otone, — In  1848,  Profesitor  Sclionbein,  of  Basle, 
dUoovered  that  by  the  electrolysis  of  acididat«d 
water  an  odorous  gas  was  produced  nt  the  positive 
pole,  which  could  be  preserved  for  a  long  time  in 
well-«toppered  vessels.  He  also  noticed  the  some 
gu  to  be  dcvcloiied  by  the  disohnrgea  of  a  common 
electrical  machine  through  air,  and  recogiiutod  the 
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idestitjr  oniil  kkcU  nitti  that  nhicli  ucoompanies  a 
flaih  of  liglitiiiiig.  Tlic  propCTtica  ul"  thia  gas  were 
farther  invL-stigated  hj  Andrews,  WUIianuon  anil 
BaumrH,  Miuigniic  and  De  la  Hire,  and  Fr^m^  and 
Ik>cqU(-rel,  whoao  reeearches  have  elicited  the  follow- 
iDg  Cicti  I — 

Oxygoti  tnaj  be  cluuigcd  into  oxoiie  hy  fhvmwnl 
action,  b;  atfflotphcric  electricity,  and  hy  the  action 
of  the  urdinoty  electrical  machine.  Osono  id  chemi- 
oally  prepared  hy  placing  a  few  frticks  of  clean  moist 
ph(Mph'inis  into  a  tcasvI  fil!e<l  wit3i  air  or  oxygen, 
the  t«-tu[)oratiire  Iwiiig  KnfBeiently  elevated  to  reuder 
tlie  phosphorus  liinnnous.  Iii  the  lK*giiining  of  the 
vxperimcnt  a  smell  of  phosphorous  acid  is  perceived, 
owing  to  the  coDikirialion  of  phnsphorua  with  oxy- 
gen;   but    thitf  Kinell,  aAcr   ii  time,  giveit   place  to 

-ibat  ofoxouu,  which  is  quite  different.  Thestirksof 
photcphonta  should  then  be  removed,  and  the  gaK 
wufaed  with  water,  in  order  to  remove  all  traces  of 
pbosplioniiis  iicid ;  for  if  tJie  ptiosphorua  be  allowed 
to  reiii&in  in  the  bottle  for  some  hours,  the  oione 
gradiially  disappears  again.  liHrge  quantitieB  of 
oioiM*  may  be  ohtainiMl  by  clcctrolyjting  water  which 
ha*  been  previously  acidulated  with  sulphuric  acid, 

^or  witL  a  mixtare  of  sulphuric  and  cliromic  acids. 

The  peculiar  smell  which  nccompanios  a.  Bash  of 
liffhlning  is  due  to  tlie  transformation  of  atniospheric 
oxygen  into  ozotui,  by  means  of  atmospheric  clc©- 
tririty.  The  gas  also  api)«ar3  near  the  common 
•Jcctrical  machine  wheo  in  action ;  and  very  abuu- 
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dactlr  near  Holtz's  electrophonis  machine,  which 
will  be  preaentlr  described.  It  mar  be  likewise 
'AAMTted  br  passing  sparks  of  fricdonal  electricity 
through  dry  ozTgea ;  bat  near  voltaic  pOes  and  in- 
daction  machioes  its  odour  is  baidlr  ever  peiceired, 
which  is  probably  due  to  the  circumstance  that 
Toltaic  as  well  as  indaction  sparks  are  accompanied 
with  a  considerable  derdopment  of  heat,  by  which 
fizrjne  is  destroyed  as  soon  as  fonnecL 

The  properties  of  ozone  are  the  same,  whether  it 
be  denTed  from  the  action  of  the  electrical  machine, 
from  atmospheric  electricity,  or  from  chemical  action; 
and  it  differs  from  ordinary  oxygen  chiefly  by  the 
particular  odour  jost  mentioned,  and  by  an  exaltation 
of  its  chemical  alEnities.  Ozone  is,  in  fact,  one  of 
tlie  most  powerful  oxidising  agents  with  which  we 
are  ocqoainted.  It  oxidises  moist  silver,  iron,  copper, 
and  mercury;  is  readily  absorbed  by  dry  mercury 
and  iodine ;  decomposes  a  solution  of  iodide  of  potas- 
sium ;  changes  the  yellow  ferrocyanide  into  the  red 
ferridcyanide  of  potassium;  corrodes  organic  mat- 
ter, and  bleaches  most  vegetable  colours.  It  is  in- 
soluble in  water  and  acidulated  water. 

Small  quantities  of  ozone  are  always  contained  in 
the  atmosphere.  They  vary  according  to  the  season 
of  the  year,  the  temperature  of  the  surrounding  air, 
the  evaporation  of  water,  and  certain  atmospheric 
disturbances,  especially  stormB.  Whether  the  amount 
of  ozone  contained  in  the  atmosphere  has  any  influence 
upon  the  public  health,  has  not  yet  been  ascertained. 
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To  show  the  presence  of  ozone  in  the  air,  small 
pieces  of  paper  are  impregnated  with  a  solution  of 
iodide  of  potasaium  and  starch.  Afl^r  these  have 
been  dried  they  are  placed  in  the  open  air ;  and,  if 
ozone  be  present,  they  asaume  a  deep  bine  colour. 
In  order  to  determine  the  quantity  of  ozone  in  an 
approximatiye  manner,  a  acale  of  ahadea  is  made  by 
mixing  known  quantities  of  iodised  starch  with  dif- 
ferent quantitiea  of  water,  and  impregnating  paper 
with  it ;  after  which,  the  intensity  of  the  ozone  reac- 
tion may  be  compared  with  the  acale,  the  proportions 
of  which  are  known  to  the  observer. 

Properfien  of  static  electricity. — Of  all  the  different 
forms  of  electricity,  static  electricity  exercises  the 
most  considerable  attractive  and  repulsive  powers, 
even  at  a  distance  :  the  energy,  however,  with  which 
these  attractions  and  repulsions  occur,  is  iihvays 
f.Teater  in  proportion  as  the  two  bodiea  between 
which  they  are  exercised  are  nearer  to  each  other, 
'\\Tien  the  natural  electricity  of  bodiea  haa  been  de- 
composed by  friction,  the  fluids  remain  either  in  a 
state  of  rest  accumulated  upon  insulating  bodies,  or 
Ihey  travel  towards  each  other,  to  neutralise  each 
other.  Neutralisation  takes  place  between  them, 
when  bodies  charged  with  contrary  fluids  are  brought 
near  each  other ;  in  the  neutralisation  of  the  two 
contrary  electricities  a  spark  is  produced,  the  dis- 
chai^e  of  which  is  accompanied  with  a  peculiar 
snapping  or  crackling  noise.  If  the  machine  be  used 
in  a  dark  room,  streama  of  6re  are  seen  to  issue  from 
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beneath  the  oUi^d-silk  covering,  and  to  disperse  over 
the  piBt«.  If  the  hand  be  brgught  neai*  ttie  conduc- 
tor of  the  electrical  muctiiiie  in  action,  a  curious 
streaming  or  ware-like -scusution  is  experienocd  ;  and 
if  it  be  brought  oloso  to  it,  eparks  itro  oi'cn  to  puxii 
between  the  hand  und  the  conductor,  which  pruduce 
a  sharp  pungent  sensation  in  the  skin,  and  a  peculiar 
emptioii  on  it,  which  is  sometimes  surroauded  by  a 
little  inflammatory  bloidi. 

KuiiUulisation  may  nJso  be  brought  about  between 
the  contrurjr  electricities,  if  the  bodies  charged  with 
them  are  at  m  oonsiderable  distance  from  eoch  other; 
for  tliia  it  la  only  necessary  tbat  a  communii-'atian 
shotiM  be  e8tiibliflbe<l  between  the  bodies  by  meunf 
of  an  insulated  conductor. 

In  the  moment  of  ntiutroluiation,  electricity  is  no 
longer  at  rest,  bnt  in  motion  or  the  dynamic  state. 
The  state  of  motion  is  instantoneons,  if  the  two 
bodies,  wLich  were  charged  with  contrary  etectrici- 
iiea,  acquire  no  more  electricity  after  that  which  they 
hod  l^-fon'  luis  once  become  neutruliAod;  and  this  in- 
stantaneous dynamic  state  is  termed  the  electric  dis- 
charge. 

A  diachargc  is  instantaneous;  but  if  t]ie  two 
electricities  bu  constantly  renewed,  one  of  ilic  bodies 
deriving  from  any  source  a  continuous  supply  of 
positive,  and  the  other  one  a  like  supply  of  nugattTe, 
electricity,  there  will  be,  of  oonrse,  a  continuous 
neutralisation  pro«luced  either  Uirough  tlie  air  with 
sparks,  or  through  a  conduchpr.    IbU  contiouous 
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_djrniLiaic  state  Es  termed  the  tteclrU  eurrmxt.  TTio 
ituU  difference  between  a  dUcluirge  and  a  rurreat 
ia,  tli«t  a  simple  dUchnr^c,  ulthoit^li  it  produces  a 
number  of  ottirr  efleclH,  lino  iiu  uclion  upon  a  uiag- 
nvtiscd  BeeJIu  ;  vrliilEt  an  ek-etric  cttnent  is  capable 
of  deviating  it  &om  its  previous  position.  By  n  rapid 
*iou  of  disdiarges,  the  magtietuied  neinllc  ot  a 
Inuiumater  majr  be  deflected  jiut  as  it  i«  bj-  voltaic 
■  electru-magnetJc  current*. 
3%«  Leifden  Jar. — TLe  Levden  jar  iraa  invented 
in  17-i-^,  by  Kleist,  of  Cammin,  and  some  time  afler- 
^wanlii,  independently  of  Klei«t,  by  StuRvlionbroek,  of 
Djrdim.  It  eonsistsof  a  rather  wide-inoutlu-d  irliutt 
jar,  which  hua  an  inner  and  outer  coating  of  tinfoil. 
The  inner  c<>ating  \»  connecter!  with  a  brass  rod 
rbieh  puaaw  through  the  stopper  of  the  jar,  and 
liuatM  aboro  in  a  brass  knob,  two  or  three  tncheti 
3T0  the  stopper ;  while  it  terminates  below  in  a 
chain,  which  rests  on  the  bottom  of  the  jar. 
!ie  jar  ui  charged  bj  connecting  the  outer  coating 
with  the  grumul,  and  the  knob  with  the  prime  con- 
dnetOT  of  Uie  electricii.1  ntachine.  If  this  be  done, 
thi*  iRwiliro  plectricity  of  the  muehino  posses  down 
thn  bnus  ruil  to  the  inner  coating  of  the  jar,  on  which 
it  accuniiiliitea.  The  jar  l-t  diiioharged  by  eetabliah- 
a  oonnvction  between  its  outer  and  inner  surfaces, 
metallic  discharger  which  i»  generally  used, 
anttB  of  two  brasa  rods  termijiatiug  tn  balla,  and 
incctcd  ut  tho  other  end  with  a  glass  rod  by  which 
it  is  held.     If  ono  of  these  balls  be  made  to  touch 
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the  bmsB  bnoh  of  Uie  jnr,  and  ihe  ofber  its  outor 
coating,  a  brilliant  spark  ia  jxirceived,  aiid  the  natiul 
snapping  noise  is  ho«rd.  Tlic  jiu-  niiij  be  dtscliarged 
through  tlic  buman  body  by  holding  it  in  one  bnnd 
bj  the  out«r  cuatitif;.  und  tbon  loiichin;*  the  braiui 
knob  by  the  other  band.  If  a  jar  haa  bwn  atrongty 
charged  with  electricity,  it  will  give  a  violent  shock, 
wbidi  itiay  be  trnnsmittcd  through  a  tile  of  men 
joining  hiiuds. 

Ettciric  BaltfTy. — A  niiuiher  of  jiiTB,  of  which  all 
the  outer  coatings  are  connocled  with  one  uiothur, 
and  tbt»  inner  coatings  Hkewiee,  forms  an  eleetrSeal 
jf,  the  power  of  which  is  proportionate  to  the 
nd  the  nuinbt-r  of  tbt*  jars,  A  jar  or  ii  battery, 
however,  cannot  be  eharg(*d  itifiriit^ly  with  electricity, 

.  when  a  certain  quantity  of  it  has  been  accnmu- 
Kted,  the  tt^naion  becomes  so  high  that  it  either 
shatters  the  jar  or  \»  (lischarged  spontaneously. 

Hie  qtuxniUy  of  frictiouol  electricity  which  nay  be 
uooumulntcd  in  a  Leydcn  jar  depends  upon  the  ox- 
tent  of  thu  coated  surfaoo,  and  its  intensity  on 
the  thinm-ss  of  the  gloss.  Tension  is  the  actual 
force  of  an  electric  charge  to  break  down  any  non- 
conducting Kiedium  between  two  termiiuiting  elec- 
trified planes. 

The  EUcinmeopf, — ^Tlie  electroscope  is  an  instm- 
ment  by  mt-ans  of  which  th*)  presence  and  kind  of 
electricity,  whether  positire  or  negatire,are  indicated. 
The  moitt  simple  kind  of  electroscope  is  a  pith  ball 
ttnspended  by  a  silken  thread.    This  is  first  charged 


CHAP.  I.]  STATIC  ELECTRICrry.  11 

by  touching  it  with  a,  glass  rod  on  which  positive 
electricity  is  accomulated,  and  then  approached  to 
the  object  which  is  to  be  examined.  If  no  effect  on 
the  pith  ball  be  produced,  the  object  is  not  electrified; 
if  the  ball  be  repelled  by  it,  the  electricity  is  positive, 
bat  if  the  ball  be  attracted  it  is  negative.  The  in- 
stminent  most  generally  used,  however,  is  the  gold- 
leaf  electrometer,  which  was  invented  by  Bennett, 
and  perfected  by  Singer  and  Buff.  The  essential 
parts  of  this  instrument  are  two  slips  of  gold-leaf 
suspended  in  a  glass,  which  show,  by  their  divergence 
or  collapse,  the  electrical  conditions  of  bodies  which 
are  examined  with  it. 

Velocity  of  Electricity. — The  velocity  with  which 
electricity  is  propagated  is  greater  than  that  of  any 
other  agent  with  which  we  are  acquainted,  light  not 
excepted;  for  wliile  light  moves  at  the  rate  of  192,000 
miles  in  a  second,  electricity  travels  over  a  distance 
of  288,000  miles  in  a  second.  This  velocity  is  bo 
great  that  any  artificial  motion  which  can  be  pro- 
duced appears  to  be  rest  itself  when  compared  with 
it.  The  light  of  the  electric  discharge  lasts,  accorcling 
to  Wheatstone,  hardly  the  millionth  part  of  a  second. 
If  a  wheel,  which  is  ma<lo  to  revolve  so  rapidly  that 
its  spokes  become  invisible,  be  illuminated  by  a  flash 
of  electric  light,  all  the  spokes  are  for  an  instant  seen 
perfectly  distinct,  as  if  it  were  in  a  state  of  rest. 
Insects  on  the  wing  appear  fixed  in  the  air ;  and  an 
apparently  continuous  stream  of  water  is  seen  as  a 
succession  of  drops ;  the  cause  of  these  phenomena 
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bein^,  that,  however  rapid  the  motion  of  bodies 
may  be,  the  electric  light  has  come  and  passed  away 
before  the  motion  has  gone  over  a  perceptible  portion 
of  space. 

The  following  table  shows  the  rate  at  which  elec- 
tricity, light,  sound,  nervous  force,  and  other  agents 
are  transmitted : 


Httnaln  thtSocojui. 

Electricily  .... 

464.000,000 

Light 

300,000,000 

Sboating  Btiu 

64,380 

Eiirtli  ia  orbil  roiiDtl  the  nun 

30,800 

Sound  in  iron 

3,4SS 

Sound  in  iraCer     . 

1,432 

Cannon  bull 

652 

Earth's  Hurface  Bf  Equator  . 

466 

Sound  in  air         ... 

332 

EiigluH  Qlght 

36 

Nervous  force 

28-30 

Ilnilwny  cngiac    . 

27 

Grryliouud  .... 

35 

ItHtiOiorfiP   .... 

2fi 

Stone  thrown  bj  band 

21-9 

Arterial  ware 

9-2S 

Blooti  in  d'ig'a  carutid  . 

0-2  to  Ot 

Blnod  in  rlufr's  capillarieii 

00006  to  00003 

Particiea  moved  Ijj  pilia 

O'OOOOT 

The  fact  that  electricity  moves  at  a  rate  of  288,000 
miles  in  a  second,  while  nervous  force  travels  in  the 
same  space  of  time  only  over  a  distance  of  about 
twenty-six  yards,  is  sufficient  to  prove  that  electricity 
and  nervoug  force  are  not  identical,  as  some  physiolo- 
gists are  inclined  to  believe. 

Chemical  Effects. — That  frietional  electricity  has 
certain  chemical  efiFects,  was  discovered  by  Priestley, 
who   succeeded,  by  passing  a  succession   of  shocks 
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through  air,  in  forming  an  acid  out  of  oxjgezi  and 
nitrogen.  This  snbject  was,  however,  most  elabo- 
rately investigated  by  Faraday,  who  fonnd  that  the 
chemical  action  of  frietional  electricity  is  very  feeble, 
as  the  quantity  of  matter  decomposed  is  not  propor- 
tionate to  the  tension,  bnt  to  the  quantity  of  electri- 
city employed,  and  the  quantity  of  frietional  electri- 
city is  smaU.  The  voltaic  pile,  on  the  other  hand, 
yields  an  enormous  quantity  of  electricity,  and  is 
therefore  most  energetic  in  producing  chemical  de- 
compositions. Faraday  has  calculated  that  a  Leyden 
battery  would  require  to  be  charged  by  800,000  turns 
of  a  powerful  plate  machine  of  fifty  inches  in  dia- 
meter, to  supply  electricity  sufficient  to  decompose  a 
single  grain  of  water,  which,  by  a  cell  of  Grove's 
battery,  can  be  done  in  five  secouda. 

Induefive  Aeticin  ;  Electrophorus. — Static  electricity 
does  not  only  produce  certain  effects  when  two  bodies 
are  in  contact  with  each  other,  but  also  at  a  distance ; 
and  these  latter  effects  are  said  to  depend  on  induc- 
tive action.  The  most  important  instrimient  for 
showing  inductive  action  is  the  Electrophorus,  which 
was  invented  by  Wilke,  and  improved  by  Volta,  It 
consists  of  a  cake  of  resinous  matter,  contained  in 
a  metallic  plate  with  a  rim  round  the  edge,  and  a 
metallic  covering,  which  is  famished  with  an  insu- 
lating handle  of  glass.  The  surface  of  the  cake  may 
be  negatively  electrified  by  striking  it  briskly  several 
times  with  a  fox-tail  or  a  piece  of  fur ;  the  cover  is 
then  laid  on,  and  acquires  by  contact  a  feeble  charge 
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o(  ^aQgt^ivB  electricity.  The  negative  electricity  of 
the  cake  noir  cIecom|K>se8  the  natural  electricity  of  the 
cover ;  [tositire  electricity  is  attracted,  bat  uegattre 
electricity'  repcUcil,  and  tliertfore  positive  cleclricitj 
accamulntes  Ijy  induction  ia  tlie  loner,  and  the  no- 
^tive  fluid  in  the  upper,  portion  of  tlio  coxcr.  If 
the  Gnger  be  approached  to  the  cover,  a  spark  pa^aea 
between  them ;  and  if  the  finger  be  made  to  toach 
the  covei',  all  the  negative  electricity  is  repelled,  and 
the  cover  in  charge*!  merely  with  iwsitirc  electricity, 
vrhich  v»  eonGned  by  the  negative  electricity  of  the 
cake,  as  long  ox  the  cover  remains  on  the  cake.  But 
when  the  cover  is  removed  from  the  cake  by  the  insu- 
lating handle,  positive  electricity  w  set  free,  uid  a 
spark  of  positirc  electricity  may  be  drawn  from  tho 
cover.  From  this  it  may  be  concluded  that  the  cW- 
taieity  of  the  movable  plate  ia  not  derived  as  a  charge 
ftom  the  resinous  cake,  but  is  the  result  of  indsctire 
action.  This  process  takes  place  not  through  the 
metnl.  but  through  the  air,  and  is  an  action  of  the 
contiguous  [Mirticlcs  of  the  insulating  body  thrown 
into  a  stato  of  polarity  and  tunsion,  whvrubj  Uioy 
are  tendered  capable  of  commiuiicating  their  fences 
in  every  direction. 

Iloltx'a  Klectropkontg  Machine. — The  principle  of 
inductive  action  lias  been  barren  of  results  until 
recently,  when  it  wws  utilised  nlmost  simultaneously 
by  M-Holtji,  of  Berlin,  iiud  M.  Topler,  of  Riga  (1866), 
both  of  whom  have  constructed  ioductivo  machines 
of  extraordinary  power,  and  by  means  of  which  tlie 
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science  of  static  electricity  has  been  most  materially 
advanced.* 

(See  Lithographic  Plate,  figs.  1-8.) 
The  electricity  furnished  by  these  machines  is  in 
all  respects  identical  with  frictional  electricity,  except 
that  it  is  not  developed  by  Mction,  but  by  inductive 
action,  as  in  the  electi'ophorus.  They  are  called 
electrophoroB  machines,  or  rotation-multipliers — a 
moltiplier  being  a  name  given  to  every  apparatus 
the  object  of  which  is  to  multiply  by  successive 
transmissions  any  feeble  electric  charge  which  has 
once  been  communicated  ;  snch  transmissions  taking 
place  in  these  machines  by  means  of  a  rotator^' 
movement. 

The  essential  parte  of  Eoltz's  machine  are  two  glass 
discs,  one  of  which  may  be  turned  round  its  axis, 
whUe  the  other  is  fixed,  and  a  variable  number  of  con- 
ductors. There  are  three  sizes  of  the  disc,  namely,  12, 
21,  and  yO  inches.  The  movable  disc  I,  fig.  1,  has 
a  diameter  of  about  thirty-two  centimetres,  and  is 
two  millimetres  thick  ;  it  consists  of  plate  glass,  and  is 
fixed  centrically  and  perpendicularly  on  an  axle  of 
vulcanite,  by  means  of  which  it  may  be  put  into  ro- 
tation. The  fixed  disc,  II.,  has  a  diameter  of  thirty- 
six  centimetres ;  it  consists  likewise  of  plate  glass,  and 
has  an  opening  in  the  centre,  so  that  the  axle,  which 

'  Holu,  in  Pofgr>ndur[r»  '  Annalen,'  April  nnd  September  188fi  ; 
Clrmeiu,  in  'Dfutsthe  KlLiiik,'  1S67,  Ku  4B  ;  and  fhifflj  Subvnnda,  in 
'  Mr^liciniscba  Jahrbiicher,'  IHGS,  U«ft  iii. ;  and  Poggeodurf  h  '  Anna- 
Ifd,'  Tul.  cxiiiii.  p.  126. 
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has  just  been  mentioned,  may  be  put  throngli  it  -with- 
OTit  friction.  It  is  fixed  at  a  small  distance  from  the 
movable  disc,  and  parallel  with  it.  This  fixed  disc 
is  interrupted  towards  the  two  extremities  of  one  of 
its  diameters  by  two  oval  incisions,  a,  b,  which  are 
8^  centimetres  long  and  six  centimetres  wide.  On 
that  surface  which  is  turned  away  ft^m  the  movable 
disc,  it  is  furnished  with  an  equally  long  paper-coating, 
c,  dy  along  each  longitudinal  side  of  the  incisions ;  and 
from  these  paper-coatings  a  pointed  piece  of  card- 
board proceeds  into  the  middle  of  the  corresponding 
incision.  Both  glass  discs  and  paper-coatings  are 
covered  with  sealing-wax. 

The  metallic  conductors  are  shaped  somewhat  like 
a  comb  with  ten  finely-pointed  teeth,  and  are  fixed 
as  near  as  possible  to  the  rotating  disc,  but  without 
touching  it,  and  parallel  to  the  longitudinal  direction 
of  the  paper -coatings.  Each  of  these  combs  has  a 
metallic  stem,  which  is  placed  parallel  with  the  axle, 
and  perpendicularly  to  the  rotating  disc.  The  me- 
tallic contiiiuation  of  the  conductors  are  the  electrodes 
of  the  machine,  fig.  1,/and  g. 

Holtz  calls  the  incision  in  the  fixed  disc,  with  the 
corresponding  paper-coating  and  conductor,  an  ele- 
ment. According  as  there  are  two,  four,  six,  or 
eight  such  incisions  in  the  fixed  disc,  there  are  also 
two,  four,  six  or  eight  conductors;  and  the  machine 
is  then  called  one  of  two,  tour,  six,  or  eight  ele- 
ments. 

The  machines  with  two  elements  are,  according  to 
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Professor  8chwaa<ll^  best  suiteO  for  phj-siologicol  and 
tbempeutical  purposes. 

In  ordor  to  ]>tir  thi*  ninchine  into  action,  the 
two  pIcctrod««  sro  ooiiimctod  with  one  another,  and 
the  movablp  disc  in  tomwl  round  bv  the  vulcanite 
handle,  whili>  at  the  same  time  a  pkte  of  Tiilcnnit« 
which  baa  bwn  rvnderMl  electric  by  friction  Li 
approached  to  one  of  the  paper  ooatinga,  and  again 
r<>nioTed  from  it  u  soon  oa  a  crepitating  noise  is 
heard.  The  rotation  must  be  so  performed  that 
the  seTeral  portions  of  the  moTabte  disc  puss  first 
thv  incisions,  and  aftonrards  the  paper  coatings  of 
the  fixed  disc.  As  soon  as  this  is  done,  both 
ooatiiigs  are  chared  with  opposite  electricitien,  the 
isitr  of  wbioh  grows  rapidly,  and  reaches  its 
laximam  within  a  few  tieconds.  At  the  same  time 
an  electric  csireut  is  established  in  the  dosing  arch 
of  the  conductors :  in  bet,  there  are  two  electric 
correntfi  flowinp  in  r>pjH>Bite  din^ctiouB,  judt  as  in 
a  gmlTsnic  battery ;  but,  in  order  to  avoid  mis- 
talcrs,  only  onn  of  tjie  two  cnrrenta  is  token  into 
considcmtion.  Tliin  current  is  prodneed  in  the  fol- 
lowing tuniiner: — The  met iillic  dosing  arch  poin- 
tnenci's  with  vav  comb  and  finishes  with  another. 
If  wcnuw  BupiKwo  that  the  paper  coating  (a,  fig.  1)  of 
lh>>  fiied  disc,  is  cltarged  with  negative  electricity  by 
Douis  of  the  ruIcMDite  plate,  or  in  any  other  niunnor, 
this  bofi^ufl  to  aot  upon  the  natural  electricity  of  tlia 
neigbbuuring  part  of  the  movable  disc  and  comb — that 
is  to  say.  negative  electricity  appears  upon  the  oou- 

o 


Id 


FORMS  UF  ELECTRICITY. 


latxr.  I. 


duutor,  and  positive  electricity  on  both  eur&ocs  ofUiat 
part  of  the  movable  disc  whicli  is  situated  bcfcwcoD 
the  papoT  coating  luid  the  comb  ('  double  indiictioo,* 
according  to  Rieas).  In  this  case,  thert-forv,  th«  comb 
is  the  negative  pole,  and  the  corresponding  elec- 
trode tlie  negative  electrode.  If  the  niorable  disc 
remiiinod  quiet,  there  would  be  ouljr  a.  qnauti^  of 
negative  nloctrieity  corresponding  to  the  electric 
charge  of  the  paper  coating  n,  in  the  iit-gatiTc  cou- 
dnctor,  aa  well  as  in  the  other  conductor,  which  is 
OODneoted  with  the  former  by  means  of  the  electrodes 
which  are  in  contact  with  one  another;  and  there 
would  be  an  equally  largt^  quantity  of  poRitire  elec- 
tricity  bound  on  both  aides  of  the  movable  disc, 
within  the  sphere  of  the  inductive  action  of  the 
paper  coating. 

But  if  the  disc  be  turned  &om  the  right  side  to 
the  left,  further  porlionn  of  the  same  come  within 
the  sphere  of  induction,  and  consequently  fVirther 
qnantitieti  of  negative  electricity  arc  sot  fWe  iu  tho 
negative  conductor,  while  positive  elisitricity  trsTels 
towards  the  disc.  A  ourrent  of  negative  electricity, 
therefore,  goes  from  the  negative  pole,  through  the 
doAing  nroh,  to  the  positive  jiole,  while  further  qiutn- 
tittes  of  po«itive  electricity  issue  from  tlie  ]>ii)>i?r 
coatings.  The  positive  electricity  which  is  tlius  set 
free  is  partly  lost  in  tho  atmosphere,  but  the  krgest 
portion  of  it  remains  fixed  on  the  disc  until  hL'tt4>r 
conductors  offer  than  the  surrounding  aii-.  ^cb  a 
oondnctor  for  tlic  positive  olectricitj-  of  the  po^vrwr 
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sor&ot)  of  the  turning  due  is  fVimuthcd  bj  tlic  point«d 
prooeu  of  the  secoad  pitper  coating  b ;  nbile  the 
ponttTe  electricity  of  the  imUrior  atirface  of  the 
turning  disc  is  drawn  oil'  by  the  i>econd  L-omb,  which 
i»  opposite  to  the  paper  coating.  By  means  of  thcM 
the  moTahle  tli«o  it  ooinptetelj  dUchorgcd,  imutmudi 
M  tlio  positire  olectricity  of  thu  anUrinr  ntirfucc, 
pueiug  throu(;h  thi>  air  between  this  luid  the  ooinb, 
ii  neatrftUsed  portly  by  the  negative  olectrici^ 
deriTdd  from  the  negative  conductor,  and  then 
pa—ci  on  to  the  comb,  where  it  forms  part  of  the 
podtiTe  current  which  oircuUt««  in  the  closing 
arch  d.  At  tlio  same  time  the  |K>«itivc  electricity 
of  Uie  foiterior  stn&oe  puaeB  through  the  pointed 
proeoM  of  the  ■eooud  paper  coating  h,  which  then 
bMOUM  charged. 

It  is  tlierefi>K  easy  to  perceive  the  analogy  between 
the  function  of  the  cover  of  the  eloetrophoras  and 
Uwt  of  the  movable  diac  in  Holt^'s  machine.  The 
pspor  coating  is  analogous  to  the  cake  of  the  electro- 
pborui,  wUicU  ih  chivrged  witli  negative  electricity, 
while  the  eortvepoiiding  part  of  the  movable  disc 
anawMTS  to  the  cover  of  the  eloctrophonut,  and  the 
roiTMponding  comb  to  the  finger,  which  oonduoU  llie 
electricity  away  &om  the  cover  of  the  elcctrophunis 
whilo  it  u>  lying  mi  the  cake.  In  the  eluctrophorus, 
bowcTflr,  Uio  negative  electricity  which  is  conducted 
■way  by  the  finger  u  1o«t  in  the  ground,  while  ta 
Ilolts's  machine  it  is  eoudonsed  in  the  conductor, 
and  may  he  further  utDiacd.    The  next  thing  done 
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witli  the  electroplionui  ia  to  remove  fbe  oover,  wliioh 
then  becomes  charg^ed  with  positive  electricity  that 
miy  btf  usL'd  for  eiperiinent*.  The  corresponding 
act  with  Holtz'fl  nUiChinu  u  to  remore  that  port 
of  the'  diac  which  ruprDeentfi  the  covop  of  the  clectro- 
phoriitt,  by  rotation,  from  the  sphere  of  action  of  the 
paper  coating,  which  will  then  be  charged  with  posi- 
tive «]ectricity  ou  botti  ita  sorfaces.  That  accumu- 
lated on  its  anterior  xurfacc  pn«M>8  od  to  tlio'poaitiro 
condnctor,  and  is  ueiil  for  cxporinicnts ;  whitu  the 
electricity  of  the  posterior  snrface  charges  a  second 
clcctrophoms  cake— viz.  tlie  second  paper  coating  b 
— with  ]KiSitive  electricity.  This  may,  in  Uoltz'a  ma- 
chine, be  nsed  in  the  same  manner  me  the  first  cake. 
It  therefore  appears  that  the  rotating  disc  of  HoUk's 
madiinc  does  the  Kanie  service  by  oue  rotation  as  the 
covers  of  two  «lectrophori  wouH  do  if  they  were  clo«o 
t<^:ther  and  charged  with  opposite  electricitias— 
only  with  this  further  advantage,  tliat  tlie  electridty 
derived  from  the  covers  isnot  lost,  hut  may  be  utilised 
for  experiments. 

'I'he  qualities  of  the  electpophonia  machines  vary 
according  to  the  amount  of  electrical  tension,  and 
according  to  tlie  quantity  of  electricity  which  paawt 
in  n  unit  of  time  through  the  transverse  section  of 
thL-  conducting  wire.  Other  circumstances  being 
equal,  the  machine  will  be  more  eSuctivc,  both  as 
rogurds  tension  and  cpiimtity,  the  latter  the  diameter 
of  the  rotating  disc.  But  as,  whenever  a  consider- 
able quantity  of  electricity  is   required,  a  galvanic 
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bsUdjy  will  alwBjB  be  prcfiTred,  small  machines  ap- 
pear, from  a  tlienipeatical  poiut  of  view,  preferaUc 
to  large  ones.  It  is  tension  of  electricity  for  wLioli 
tlie  eleotrophorus  niachini;  is  n-uiurkable.  becauBu  the 
toosion  wliicb  ia  possnsHvcI  bj  i^ranic  batt^riee  und 
induction  machines  is  Tar;  small  when  compared  with 
thafc  of  the  electrophoms  machine.  As  r^pLrdg  the 
tennon  of  electricitjr,  we  have  to  conaider  the  length 
of  the  electric  Hparba  which  may  be  prodaoed,  and 
the  rapidity  with  which  the  diacbarges  take  place,  or 
Um  nunib)>r  of  sparks  which  are  produced  witliin  a 
fyrhin  unit  of  time — for  instancts  a  second.  Tb« 
fenfth  of  the  spark  increases  with  the  sEu:  of  the 
sar&oe :  with  a  disc  of  12  inches  in  diameter,  sparks 
■t  inches  long  maj  be  produced;  whi-re  the  disc  in  21 
inches  ill  diameter,  the  sparks  aru  t!  iuchen  luu(^ ;  and 
where  it  is  30  inches,  the  sparks  are  10  inches,  or  erun 
The  concnssion  which  is  produced  by  the 
sparks  being  transferred  to  the  human  body 
I,  lunroTer,  so  grtat,  that  it  will  always  be  adrisablfl 
to  uae  only  the  smaller  kind  of  machine.* 

We  bare  now  to  consider  the  question,  how  Holtz's 
machine  becomm  a  rotation-multiplier. 

When  the  rotation  is  so  slow  that  all  the  poeitiro 
fftectrici^  which  is  present  at  the  npper  portion  of 
the  disc,  and  likewise  all  the  negative  electricity 
,^hich  is  accumulated  at  the  lower  portion  of  the 
may  h«  lost  in  the  atmosphere,  an  increase 
denxity  of  the  electricity  of  the  coatings  is 
•  »tb»«dt.  I.  f.  p.  177. 
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impoflflibk;  on  the  contrary,  the  qnsntitj  of  electricity 
which  in  there  set  free  by  the  vuloamt«  plat«,  or  by 
any  other  means,  contina&Uy  becomes  smaller  by 
bcinf;  lost  in  the  air,  iso  thut  atter  t,  ijmn  there  will 
bu  no  oltfCtricity  ut  all.  In  ordor  that  the  mocbine 
may  have  an  equable  action,  such  a  rapidity  of  rota- 
tion 18  required  tut  will  compensate  for  the  loss  of 
electricity  into  iliv  atmosphere  bv  IVeali  supplies  of 
elecbricitj  front  tlie  movable  disc.  If  this,  for  in- 
stance,  may  bo  cfi<.<ct*>i]  with  onu  rotation  in  a  second, 
there  will  be,  an  soon  us  the  rapidity  of  rotation  is  in- 
creased, more  electricity  set  free  on  the  paper  coatings 
than  is  loot  in  the  same  space  of  time ;  and  there- 
fore the  density  of  the  electricity,  nud  thd  indnctive 
Kction  of  thu  machine,  will  be  rapidly  increased, 
until  at  lft«it  the  tension  of  tlto  eluetricity  becomes 
BO  hi^h  that  tht>  reflistance  to  passo^  which  is 
offered  by  the  HurronndiiiK  air  is  easily  overcome, 
and  that  from  all  the  electrically  active  |iarts  of 
the  miichine  Kufficiently  larjfc  (jtian lilies  of  eloc- 
tncity  p«iA8  into  the  air  to  cstublixh  equilibrium 
between  the  increased  development  and  toes  of 
electricity — that  is  to  say,  a  maximum  of  the  den- 
sity of  the  electricity  is  arrived  at.  If  ihe  citpa^ 
bility  of  the  air  for  carrying  off  the  electricity  in- 
creases, the  rapidity  of  rotation  must  also  increase, 
if  thv  muchine  is  to  remain  equally  active,  and  vuu< 
9«rtd,  Other  circumstimcea  he'utK  equal,  liie  machine 
may  therefore,  by  increasing  the  rapidity  of  rotation, 
be  brought  to  the  maumum  of  ita  action. 
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The  part  plajLvl  by  the  fixed  disc  in  the  action  of 
machine  wiU  become  clear  ftom  the  following 
BBtarks: — 

If  the  paper  coatiafr^  were  kept  in  their  places  bj 

Mine  other  mooM  tJian  this  diec,  it  would  not  b« 

olutely  necefisuy  t«  huvo  this  di«;  at  all ;  for  the 

rnachine  coald  be  pot  into  action  without  it,  and 

bo  broQght  to  a.  certain  maximum  of  foroe.    But 

this  maximum  would  be  considerably  less  than  that 

which  con  bo  obtaitieal  with  the  aid  of  the  fixed  disc ; 

fbr  it  U  u  well-known  fact,  that  u»  infohttiog  plane 

giTM  off  ita  tree  electricity  mnch  less  oiurily  to  tho 

[■mTunnding  air,  if  then)  is  another  insulating  plane 

lofakrgcd  with  opposite  electricity  in  its  nei^hbour- 

rliood.     This  principle  liivt  b««n  iitiliited  in   Hultz's 

machine  by  tlie  employment  of  the  fixed  dite^  which 

it  larger  than  the  movable  one.    In  this  disc  the 

electricities  are  likewise  separated  by  indao- 

Itin  action,  partly  in  c^nspijuence  of  the  action  of  tlie 

b|M»itire  electricity  which  adheres  to  the  upper  half 

of  the  posterior  surface  of  the  movable  disc,  and 

of  the  nvf^tiTC  cleetTicity  which  accumulates  on  the 

lower  half  of  tbf  same,  inasmuch  aa,  by  the  fonner, 

riie  negotiTe  electricity  of  the  upper  half  of  the  fixed 

diao  is  attmcted  on  its  anterior  surface,  wliile  the 

pontiTe  electricity  in  r^iw^llcd  on  its  posterior  surface 

— therevene  taking  place  in  the  lower  half  of  Uie  fixed 

-and  partly  by  the  action  of  the  paper  coatings, 

tluamnch  as.  in  the  neighbourhood  of  Uiat  paper 

'^coating  which  is  charged  with  negative  electricity. 
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the  poritire  electricity  is  attracted  to  the  posterior 
surface  of  tlie  iixed  disc,  while  the  negative  elec- 
tricity is  repelli>d  at  the  anterior  surface,  the  reverse 
tokiijg  plucu  in  th»  tiuiglibourhood  of  the  positivoly 
obarged  puper  conting.  It  appeiirs  from  thin  that 
the  truDBmifision  of  eleotricit}-  takes  place  in  tlia 
same  niauner,  both  as  far  as  tJiP  movable  disc  and 
tlie  paper  coatings  are  coiiconied,  in  consequence  of 
which  the  oppoute  electricity  on  tJie  tutterior  surface 
of  the  fixed  ditic  prvpoudurates  over  the  electricity 
at  the  posterior  part  of  the  movable  disc ;  and  there- 
fore a  new  quantity  of  the  natural  eleotricity  of  the 
movable  disc  is  separate*! — positive  electricity  being 
attiiLcted  to  the  upper  half  of  the  posterior  sur&ce 
of  the  uiovulilu  dine,  luid  uegu.tive  electricity  being 
repi-lltd  at  thu  anterior  surface,  the  ruvuno  taking 
place  at  the  lower  half  of  the  movable  disc. 

When  the  marhiue  is  iii  aetion,  a  rather  loud  crepi- 
tating Doise  is  heard  at  the  pole  where  the  charge 
t&keu  place,  which  increases  in  intensity  with  the 
force  of  the  chai^,  and  continues  in  the  same  num- 
ner  as  long  as  the  conducting  arch  is  closed ;  bat 
if  this  latter  be  opened,  the  force  of  the  noise  is 
diminished.  At  the  same  time  the  resistance  offered 
to  tlie  hand  which  moves  the  handle  is  likewise  in* 
crenseil,  aiid  remains  80  as  long  im  the  electrodes  are 
not  too  far  removed  from  one  auothvr.  The  smell 
of  oione  is  perceived  at  both  poles  of  the  machine, 
but  most  considerably  at  the  negative  pole.  This 
oitieli  spii-ads  rapidly  through  the  air,  so  that,  after 
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the  macluiie  has  onljr  acted  for  a  few  mmuteii,  a  ]argi 
}ni  will  be  completely  filled  witli  it.  It  ta  il  ciiriotui 
ct  ttuit  a  8triji  of  p«por  inipregnatMl  with  iodised 
is  not  rcndurvd  blue  in  ILl*  close  prosimitj' 
of  the  ncgatirtt  pole,  uvvn  if  it  remiUQs  there  for  a 
Ong  time,  while  the  blue  colour  is  immediatelj  pro- 
■duced  if  the  sparks  parsing  between  the  electrodes 
are  direct«d  through  it ;  another  singular  circuiu- 
ice  being,  that  the  8moIl  of  ozone  over  the  elec- 
I  or  in  tlieir  inuui-diuto  ni-i<;hbourliood  ik  much 
<  feel>l«  tbim  in  the  neighbourliood  of  the  iii.-ga- 
tive  polfi.  Lominoas  appearances  take  pkce  at  both 
ale*  as  soon  as  the  machine  is  put  into  action, 
which  inct«a«e  rapidljr  in  force  and  ext^^nt.  By  day- 
light thej  Ufcomu  onlj  [wrceptiblc  if  a  dark  object 
is  held  behind  the  glass  di^cs,  while  in  a  dark  roou 
ibef  at  once  appear  in  all  their  brilliancy.  It  is 
noticed  that,  as  soon  as  the  crepitating  uoifte  is 
a  reddiiih-blue  light  iiuueH  IVoin  tho  poiiitii 
the  comb  opposite  to  that  paper  coating  where 
the  charffc  take*  place,  and  that  waves  of  light  p4ss 
am  there  in  a  quarter-t-ircle  towards  the  movable 
Ednc,  opposite  to  the  dircctiim  in  which  rotation  is 
performed,  from  whence  they  procood  farthur  and 
larther  nntil  they  reach  a  inaximuni  of  length, 
vhich  is  about  8  or  10  centimetres.  At  tlm  siuno 
^moment  when  li^fht  appean  at  the  points  of  the 
tive  pole,  a  similar  light  is  perceived  at  the 
|nints  of  the  positive  one ;  but  this  has  a  morD  red- 
hoe,  and  is  not  quite  so  dazzling,  while  the 
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pointa  of  light  are  more  namcroQs  and  larger  titan 
at  tho  ne^tive  polo.  If  the  fingfr  be  nppioached 
to  the  anterior  Kurfiicc  of  tho  movable  diw,  fveble 
strcamH  of  li;;ht  puss  from  it  tovrards  the  disc,  in  a 
<lircctioti  opposite  to  that  of  rotation ;  while,  if  the 
fing;er  be  approached  to  tho  ponterior  sorfaee  of  the 
fixed  disc,  streams  of  light  ore  likewiite  seen  to  peas 
from  Ihi.'  fni;jer  towards  tho  disf,  but  with  this  dif- 
foriL-iicc,  that  the  int^nxity  of  tlio  light  is  mach 
more  considerable,  especially  round  the  pneitiTC 
pole. 

When  the  eteotrodes  are  removed  from  eaeh  other, 
.  loud  Hinging  noise  is  heard,  the  pitch  of  which  riaea 
id  fiills  rapidly  by  one  or  two  octax'es,  in  the  same 
TtttJo  as  thu  rapidity  of  Tx>tatioD.  If  the  distanoe 
between  tlie  electrodes  he  increased,  the  pitch  of  thd 
tone  becomes  deeper  and  gradually  discontinues,  bo 
tliat  at  laat  only  feeble  indistinct  sounds  are  heard, 
which  disappear  if  the  dist&uce  between  Uie  eleo* 
trodea  bo  lar^e.  If  they  arc  then  again  rapidly 
Bpproaehcd  to  onu  another,  the  singing  tone  re- 
turns likewise,  and  changea  it«  pitch  aa  before. 

The  luminous  appearanoea  which  occor  between 
the  electrodes  when  lliese  are  somewhat  remored  from 
one  another,  arc  remarkable  for  Uieir  variety  and  the 
intensity  of  colouring.  They  are  scarcely  perceptible 
in  direct  sunlight,  but  fully  «o  in  ordinary  daylight. 
If  the  distunn.'  between  the  electi-odes  is  very  small, 
a  brilliant  white  1i;;ht  with  a  greenish  hue  is  seen, 
whatever  may  be  the  sire  or  the  shape  of  the  eleo- 
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trodM ;  bat  if  tbe  dutance  be  incronited,  strcoma  of 
a  riolet  light  paw  from  tlie  [KiaittTi;  to  tlic  ni'^tivc 
«lectrodt>,  wbilo,  if  thoy  are  rcry  far  from  each 
other,  II  lucbk>  violet  glow  is  eceo,  especially  if  the 
cloctrodvs  \x  point«d.  Tbe  violet  light  is  probably 
<Inc  to  iocandescent  nitrogen,  while  the  white  light 
arises  from  incan descent  oxygen. 

The  physiological  and  tlierapeuticul  effecta  of  fitatic 
elvctrtcity  will  be  contidorad  in  subsequent  cboHptcrs 
of  tbi«  volume. 
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II^DVNAMIC  ELECTRICITY. 

(A)  Galvakioh. — If  two  heteTogeoeoiis  metala  be 
ctmi)ect«d  by  a  conductor  moistened  with  wutor, 
vmrioDS  pbetiomuniL  uro  produced,  tbe  cause  of  which 
Is  ancribod  to  an  agent  developed  by  tbe  connection 
of  tile  metals,  and  called  galvanic  electricity,  after 
Lotgi  Gotvatti,  of  Uologna,  who  discovered  this  fonn 
of  deotricity  in  1786. 

Up  to  a  recent  time  galvanism  was  also  termed 
electricity  by  contact,  since  natural  philosophers  hud 
gencnJIy  itdopu-d  Volla's  theory,  that  tbe  liberation 
of  galvanic  electricity  was  entirely  due  to  tbe  contact 
of  the  two  different  mctalti,  whilst  the  liquid  between 
thciu  nii5rBly  played  tbe  part  of  a  conductor.  Volta's 
thvory,  however,  baa  bi-eu  rcfat«d  by  tiie  experimen- 
tal rvsearchm  of  Davy,  Beoqucrel,  M.  de  la  Rive,  and 
fWrnduy.  who  have  established  tho  fact  that  tbe  real 
•ooree  of  galvanic  electricity  is  not  contact,  but  tlie 


chemical  action   of  two   heterogein 
bodies;  that  contact  is  only  a  cotv 
qnently  necessary,  but  not  alwui 
the  manifestation  of  the  electric  t^. 
electricity  may  be  produced  by  ai 
not  only  by  the  action  of  a  liq^ 
which,  it  is  true,  produces  the  ni" 
trie  phenomena — but  likowiae  b) 
liquids  upon   each  other,  ov   evtinj 
upon  solids  and  liquids.     The  el 
the  voltaic  pile  is,  therefore,  not  i 
its  origin  or  in  its  continuance, 
the  metals  with  each  other,  hiitf 
chemical  action,  and  is  proportiooi 
to  the  intensity  of  the  affinities 
production,  and  in  its  quantity 
matter  which  has  been  chemicii 
evolution.      In  fact,  every  chemt 
panied  by  a  disturbance  in  the 
molecules  of  a  body,  and  consec 
of  electricity.     Where  there  io^ 
no  electricity  will  be  liberated, 
instance,  establish  the  most  pet 
a  pair  of  iron  and  copper,  and  ii 
condnctinc,'  liquid,  such  as  a  solut 
aevertheless  the  pair  remains 
liqnid  is  incapable  of  exercisii 
upon  either  of  the  metals  of  the ; 

Voltaic.   Pile.— The   original 
essentially  of  three  substances :  i 
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chemical  ftctton  of  two  heterogeneoux  conducting 
bodies ;  that  contact  is  only  a  condition  meet  fre- 
quently neceMBary,  but  not  iilvmys  indispensable  to 
the  manifestation  of  tho  electric  si^M ;  that  gulvanic 
oWtricity  may  bo  produced  by  any  chemical  action, 
not  only  by  the  action  of  a  liquid  upon  a  solid — 
which,  it  is  true,  producen  the  matt  remarlcable  elec- 
tric phenomena — but  likeivijic  by  the  action  of  two 
liquids  upon  each  other,  or  even  by  gases  acting 
upon  solids  and  liquids.  The  electricity  yielded  by 
the  voltaic  pile  is,  therefore,  not  dependent,  either  in 
its  origin  or  in  ito  continuance,  upon  the  contact  of 
the  metals  witli  each  other,  but  i»  entirely  due  to 
chemical  action,  and  is  proportionate  in  its  intensity 
to  the  intensity  of  the  affinities  concerned  in  its 
prtiiluction,  and  in  ita  quantity  to  the  quantity  of 
matter  which  haa  been  chemically  active  during  its 
evolution.  In  fact,  every  chciuico]  action  is  accom- 
panied by  a  disturbance  in  the  equilibrium  of  the 
niolefuIcH  of  a  body,  and  coii*cquontly  by  a  liberation 
of  electricity.  Where  there  is  no  chemical  action, 
DO  electricity  wilt  be  liberated.  We  may  thus,  for 
instanco,  establish  the  most  perfect  contact  between 
a  pair  of  iron  and  copper,  and  immerse  it  into  a  wetl- 
cnndncting  liquid,  hucIi  as  a  solution  of  [M)taBh  ;  but 
nevertheless  the  juiir  remains  inactive,  because  the 
liquid  is  incapable  of  exercising  a  chemical  action 
upon  either  of  the  metuls  of  tho  pair. 

VoUaie  PiU.—The   original  voltaic   pile   consists 
eaaentiaLly  of  three  substanoes :  vii.  two  metals  which 
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may  become  charged  with  electricity,  and  an  indif- 
ferent condacting  body.  It  is  bailt  up  in  the  fol- 
lowing wuy : — A  copper  disc  is  placed  upon  a  glass 
plat«,  a  zinc  disc  apoa  the  copper  disc,  and  a  circular 
piece  of  cloth,  flannel,  or  pasteboard,  well  moistened 
with  water  or  salt  water,  upon  the  zinc  disc.  A 
second  similar  pair  is  piled  on  the  first,  a  third  on 
the  second,  and  so  on.  With  twenty  pairs  of  plates 
thoB  arranged,  striding  electrical  effects  may  be 
produced. 

If  a  little  sulphuric  acid  be  added  to  the  water, 
the  galvanic  current  will  be  much  stronger,  because 
the  acidulated  liquid  conducts  better  than  ordinary 
water,  and  furthermore  because  the  oxide  of  zinc  is 
removed  as  soon  &s  formed,  as  it  combines  with  snl- 
phuric  acid  to  form  sulphate  of  zinc. 

The  top  or  zinc  end  of  the  pile  is  called  the  positive 
pole,  the  bottom  or  copper  end  of  the  pile  is  termed 
the  negative  pole.  If  the  two  poles  of  the  pile  are 
connected  with  conducting  wires,  these  latter  become 
charged  with  the  electricity  of  the  poles,  and  we 
therefore  have  a  positively  and  negatively  charged 
conductor. 

When  the  two  conducting  wires  are  approached  to 
one  another,  a  continuous  stream  of  small  sparks  is 
seen  to  pass  between  them ;  when  they  are  made  to 
act  on  the  electroscope,  the  gold  leaves  diverge — the 
zinc  end  showing  positive,  and  the  copper  end  nega- 
tive, electricity ;  when  they  are  touched  with  the 
fingers,  a  galvanic  shock  is  felt  through  the  arms ; 
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wlien  tli^y  ai«  immereed  in  a  vessel  containing  wBf«T, 
an  ebuUitioQ  of  gas  takes  place,  ike  ivater  is  d»:oai- 
posed — oxygen  being  attracted  to  the  positive  and 
bydtx)igcn  to  ttie  negative  pole ;  wlicn  thej  are  con- 
nected with  a  ma^ptised  ncvdlc,  tliis  is  seen  to 
suffer  a  deflection ;  ivben  they  are  made  to  touch  a  . 
piece  of  soil  iron,  thix  acquires  magnetic  properties  1 1 
when  tJiey  arc  oonnectetl  with  a  thin  wire  of  loir 
condnctuig  power,  the  hitter  becomea  incaodesoent. 

All  metals  an;  good  ck-ctxo-motors — that  is  to  wy , 
they  give  rise  to  copious  development  of  free  elec- 
trioi^  if  properly  arranged.  There  are,  however, 
considerable  differences  in  this  respect,  according  to 
the  nature  ot  the  metal.  TIium.  for  instance,  zinc, 
if  combined  with  platinum,  becomes  more  strongly 
charged  with  positive  electricity  than  if  in  contaot 
with  copper;  on  the  other  hand,  copper,  which  if 
in  contact  with  zinc  becomea  negatively  electrilied, 
aoqoirea  positive  electricity  if  combined  with  plati- 
num. The  follovring  tnble  shows  the  metals  arranged 
according  to  their  elcetric  tension,  the  preceding 
one  being  positively  eleetrical  to  all  the  following 
ODea: — 

*  Iran.  FtUtamBi. 

Oubam. 

The  greater  the  distnnco  between  these  seveml 
substances,  the  more  oonsidenble  will  be  the  gal- 
vanic intensity — a  eombination  of  sine  and  carbon 
being  the  most  active  pair  of  all. 


Tmm. 

Copprf 

iMd. 

Silver. 

Hn. 

Oold. 
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It  is  inherent  to  the  constrnction  of  the  voltaic 
^le  that  the  electric  cnrrent  famished  bj  it  ia  sab- 
ject  to  considerable  ToriatioDs,  and  that,  althongh 
it  may  be  vei;  strong  at  first,  it  soon  diminishes  in 
strength,  and  at  last  completely  disappears.  This  is 
doe  to  the  circumstance  that  as  soon  as  the  pile  is 
pat  into  action,  the  water  with  which  the  condactor 
is  moistened  becomes  decomposed,  whereupon  hydro- 
gen in  the  nascent  state  accnmulates  on  the  copper, 
while  oxygen  goes  to  the  zinc.  By  this  process 
the  BOr&ce  of  the  metale  is  altered,  and  their  hete- 
rogeneity more  or  less  destroyed.  When  in  this 
condition,  the  metals  are  said  to  have  acquired  pola- 
risation. If  a  liquid  were  used  that  is  incapable 
of  decomposition,  no  effect  woold  be  caused :  so  that 
polarisation  is  ineyitable.  In  consequence  of  this, 
a  fresh  current  is  produced — the  polarieation  current — 
which  flows  in  a  direction  contrary  to  that  of  the  bat- 
tery, and  has,  therefore,  the  tendency  to  neutralise 
the  original  current.  The  longer  the  action  of  the  bat- 
tery continues,  the  more  considerable  is,  of  course,  the 
decomposition  which  takes  place ;  and  the  polarisa^ 
tion  current,  therefore,  becomes  at  last  so  strong  that 
it  completely  neutralises  the  original  current — when 
the  effect  of  the  battery  is,  of  course,  reduced  to  zero. 
Conttanl  Batteries. — The  effects  of  polarisation  may 
be  to  a  great  extent  avoided  by  using  two  conducting 
Uquids  which  are  separated  by  a  permeable  membrane 
or  a  porous  vase,  instead  of  one  liquid  only.  In  such 
batteries  the  water  ia  decomposed,  just  as   ia  the 
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ordinary  rolluic  pUe ;  but  the  hj-drogen  is  bound 
afpLin  ax  soon  as  set  free,  in  conBe<jni?nce  of  wbtcli 
the  polarity  of  the  platen  is  preserved  for  a  inucli 
longer  time  than  in  the  ori)*inRl  voltaic  pil«.  Bat- 
teries of  tliis  kind  are  thoroforc  called  constant 
battorios.  Each  oonistant  buttery  ponsists  of  6ve 
mbstanccs ; — riz.  Ist,  a  metal  which  is  attacked,  and 
at  the  expense  of  which  the  electricity  is  produced ; 
this  is  generally  zinc,  and  forniii  the  negative  pole 
of  the  battery;  2ml,  ii  !*»lii(tanc['  which  attacks  tho 
nnc,  und  which  is  ^eiieritUy  an  acid;  3rd,  a  porons 
diaphragm;  4tli,  a  depolarisintf  body,  generally  a 
aolntion  of  eulphate  of  copper ;  and  6th.  a  collector 
which  is  not  attacked,  such  iw  copper,  platinum,  or 
curbot).  and  which  forms  tho  positire  pole  of  tho 
battvry.  Any  number  of  such  paim  may  U.'  combined 
to  fonn  a  pile. 

BefqiiTfel'*  Batter*/. — The  mi-rit  of  having  oon- 
atracted  the  firat  constant  battery  belongs  to  M.  Bec- 
qaerel,  who  proposed  to  immerse  copper  aa  well  aa  zinc 
in  II  Kpoinnl  lirpiid,  both  bein^  sepnrnt«d  from  each 
other  by  a  porouH  diaphmi^m  which  allowa  commu- 
nication between  tho  two  licinids.  Bocqucrcl's  pair 
is  contained  in  a  cylindrical  vessel  of  glass  or  porce- 
lain ;  a  cylinder  of  sine  ia  pUiced  in  this  vessel,  and 
acidulated  wnter  ]>oiired  into  tlie  space  between  the 
Tcssel  and  the  zinc.  In  the  interior  of  the  cylinder 
of  xinc  is  placed  a  bladder,  containing  a  copper 
cylinder  and  a  concentrated  solution  of  snlphate  of 
copper.     When  the  poles  of  this  pair  are  connected. 
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both  tbv  wiitor  and  tJic  solution  of  sulphato  of  cop- 
per >re  deoomposed.  One  port  of  the  libentod 
combines  with  einc  to  fonn  oxido  of  zinc, 
rbich  combines  agmin  with  sulphtiric  ac-id  to  fnrm 
JphAt4>  of  zinc;  anotJier  purt  of  the  oxygen  com- 
bine with  liydrogen  to  fonn  water ;  besideB,  a  thin 
fihn  of  copper  tit  deposited  on  the  surfnce  of  thv 
oopper  cylinder,  which  in,  therefore,  not  altered. 
It  is  cm;  to  understund  that  Buoquorel's  battery 
will  htmisli  a  much  mure  constant  current  than  the 
orif^nal  voltaic  pile.  In  Becqtieri>ra  battery  innc  ifl 
tho  negative,  and  copper  the  potiitive  pole. 


SfX^ 


Fig.». 

~Danitlft  HaUery.—Vvry    B^Ilar  to   Becqucrcl'i 
ibatt«ry  in  Diinit-D'a  arran^munt(tig.&,e),  which  con- 
of  a  cylinder  of  xine,  a,  immeraed  in  nit  water 
wr  aciduhitL«d  vratvr,  and  a  copper  plate  b,  imn>er«wl 
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in  u  Koliition  of  sulphate  of  copper.  The  chetuio&l 
dcvompoettioii  which  takes  phiou  in  this  pnir  iti 
exactly  thu  luiuio  as  in  Becquerel'fl ;  but  thvru  nr^ 
two  important  ameliorations  iatrodoL-ed  into  Danioll's 
lurangement.  On  the  one  hand,  it  has  a  diaphrugui 
of  [Ktrouii  t>arUi,  which  in  not  30  eafliljr  spoilMl  lu  out} 
iiuule  of  orgiiiiic  suliatanceB — such  m  bliidder,  huI- 
clotL,  or  pasttibourd — woidd  he,  and  which  can  bi> 
coDvententlv  cmploTed  in  ihe  form  of  a  Tcosel ;  on 
tho  other  hand,  thi>  xinc  of  the  pair  is  amalgamated, 
which  preveuta  its  being  attacked  wlieu  the  polea  of 
the  batterj  are  not  iinit^>d  by  11  conductor,  witliout 
diminishing  the  clfect  of  tlie  zino  in  tho  production  of 
electricity.  Thu  ordinary  zinc  of  comiueree  is  tupnre 
from  the  admixture  of  other  metals;  ita  stuface  is 
never  completely  homogeneous,  in  oonsoquenoe  of 
which  local  gnlranic  ciirrcntti  urv  producod  on  its 
Hurface  *»  soon  on  it  is  immursfd  in  the  acidulated 
water,  whereby  it  is  rapidly  destroyed.  By  amalga- 
mation, however,  the  aurfaoe  of  the  nietul  is  rendered 
pure  and  houiogeneouii,  and  it  becomes  then  more 
strongly  piwitive  than  it  was  before.  The  bewt  way 
to  anialguinate  zioc  is  as  follows: — The  metal  is  at 
first  put  into  diluted  sulphurie  acid,  itfter  which  a 
solution  of  mercury  iu  nit ro- hydrochloric  acid  is 
painted  over  it  with  a  cum  el  •  hair  brunh.  llio 
solution  of  mercury  is  made  by  freutly  heattiij;  four 
pnrt«  of  mercury  in  five  parts  of  nitric  and  Gfleeu 
parlK  of  hydrochloric  acid,  after  which  twi.-iity  parta 
of  hydrochloric  acid  ore  added  to  the  mixture. 
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iliAphrftgin  becomes  obstruoted  with  metal  salte,  and 
thurefurp  oBent  a  more  coasiderable  reststance  to  tlie 
pasHigc  of  thti  current;  beRid«D  wbicti,  b}-  the  pre- 
cipitatjoii  of  copper  in  a  finely  dividvd  aUit*;  on  tbe 
zinc,  local  cuircnti!  arc  fonnod,  bjr  which  the  xinc  is 
ftirtlier  attacked,  and  the  oonatancjr  of  the  b»tt<«7 
impaired.  It  has  therefore  to  be  cleaned,  and  iv- 
(]uirc»(  a  fresh  supply  of  sulphate  of  copper,  fi-orn  time 
to  time. 

Fig.  10  shows  two  batteries  of  Gflccn  pairs  each, 
corobinod  with  one  anotlicr. 

Orooc'*  BatUri/. — In  Grovt-'s  battt-ry,  which  is  one 
of  the  moat  powerful  that  hare  been  constructed,  the 
copper  is  replaced  bj  platiuum,  wliich  forms  the 
poititiTU  polo,  and  the  solution  of  sulphate  of  copp<.<r 
by  nitric  acid,  into  wbich  the  platinum  is  immereed. 
Amalgamated  zinc  is  placed  in  diluted  sulphuric 
acid,  and  both  liquids  are  separated  by  a  porous 
diaphragm  of  unglazed  porceliun.  Kitric  acid  has 
the  double  advantage  of  containing  much  oxygen, 
wheriiby  the  intensity  of  the  current  is  increased,  and 
of  beinj;  a  better  conductor  than  sulpbate  of  copper, 
ao  that  the  current  is  more  easily  transmitted.  Hie 
hydrogen  resulting  from  the  decomposition  of  water 
is  not  developed  upon  tbe  platinum,  but  changes 
nitrie  acid  into  nitrous  acid ;  the  liquid,  therefore, 
assumes  a  brown  colour,  and  afterwards  pawes  into 
green;  but  the  surface  of  Uie  plulinuni  remains 
always  clean.  On  the  other  hand,  zinc  is  oxidised 
by  the  nascent  oxygen,  and  sulphate  of  zinc  nimams 
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in  aohitioii.  Tbo  iict:on  of  the  battery  is  aireflteJ 
uil4*r  11  certain  time  bjr  further  chemicoJ  chan|^ 
which  take  pluoe  iti  the  nitric  acid,  uiid  rMuli 
froin  the  devekipnivnt  of  hj-drof^n,  wb4.>n<b/  at  hut 
the  iicid  ciitcn  into  (•biillition.  Groro's  huttcry  is 
thorpfore  uot  auit«d  for  mediciil  practice. 

Buu9rH'»  ItaUery.^hanaen'B  arran)^einent  differs 
from  Grove's  ouly  in  this  pa-rticnlar.  tliat  curbou, 
which  is  more  ncpitive  aud  much  cheaper  than 
platinnni,  ]»  8iibtit!tiit«d  fur  the  Inttcr  metal.       In 


Fig.ll. 


the  original  batterr  a  cjrttnder  of  carbon,  which  is 
open  at  the  iMittfUU.  w  pUocd  in  a  cjrlinder  of  glass, 
■nd  a  (MiroiiN  (liaphriit^ni  of  nni;lazcd  porcelain,  mn- 
taiuini;  lh<^  ziuc,  ia  placed  in  the  cvlinder  of  carbon  ; 
nitric  acid  is  then  poured  between  the  giaaa  and  the 
(srbon,  aud  dilated  aulphurie  acid  into  tlie  porous 
(liaphrugiu  contuininir  thf)  zinc.  TIiia  form,  how  ever, 
baa  latvlv  bn-n  »iniplitii-d,  «o  that  the  porous  dia- 
phrvffm  of  unglaxi'd  porcchiiQ  is  do  longer  usod, 
carbon    itself   bt'in^    porous ;    and   in    its   stfad    a 
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cylinder  of  carbon  ifi  i^cnplojed,  which  iti  clo««d  ut 
the  bottom,  fiUud  with  powdcrwl  curbon  und  moUt- 
ened  with  nitric  acid. 

In  Donsen's  battery  cai-bon  is  the  positive,  and 
zinc  tlie  nt^gative  pole. 

In  ytiiee'8  pair,  plateii  of  platinised  silver  are 
substituted  for  oarbon,  luid  only  one  exciting  liquid 
is  iisod,  viz.  diluted  sulphuric  itcid.  In  this  buttery 
silver  is  the  pu§it!vi>.  iind  zinc  the  nt^^tive  pole. 

In  Boulaj's  battery  the  copper  is  immersed,  not 
in  a  Bolution  of  sulphate  of  copper,  but  in  a  solution 
of  nitrate  of  potiish  mixed  with  nn  equal  quantity 
of  sulphate  of  copper;  white  the  y.i«c  i*  iniiiieT*wl, 
not  in  diluted  acid,  but  in  a  solution  of  chloride  of 
Aodium  mixed  with  an  equal  quantity  of  flowers  of 
RDlphor.  Both  liquids  are  Aeparated  by  a  porcrns 
membrane.  The  rhemical  action  which  goes  on  in 
this  battery  ta  as  follows: — Wat«r  is  decomposed  as 
usual,  whereupon  oxj'gen  goo*  to  the  cine,  to  form 
oxide  of  zinc,  and  to  the  sodium,  to  form  soda;  while 
vhlorine  uroes  to  the  zinc  to  form  cldorido  of  zinc. 
The  hydrogen  which  is  set  free  is  attratrtetl  to  the 
copper ;  bnt  before  it  arrives  there,  it  is  met  by  IJie 
mixture  of  sulphate  of  copper  and  nitrate  of  potash. 
The  sulphate  of  copper  is  then  decomposed  as  in 
Daniell's  l«tt«r}-,  Ujo  reduced  copper  being  deposit^-d 
on  tlie  copper  pole,  while  oxygen  and  i>art  of  tliu 
sulphuric  acid  procM*d  towards  the  zinc,  wliich  tliey 
transform  into  sulphate  of  zinc;  another  portion  of 
the  sulphuric  acid,  however,  combines  with  the  potash 
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of  the  nitre,  forming  tiulpliate  of  pota«h,  wlieroby  u 
certain  qimntitj  of  nitric  ncifl  i»  wt  Ireo,  which  haii 
considorublu  power  ns  iin  oluctro- motor.  M.  Boulaj' 
affinuB  that  thiB  batterj-  will  remain  in  working 
condition  for  eight<?en  montlja  consecutively,  willioat 
there  being  imy  necestiity  to  reclmrge  it,  nn<I  it  is 
HBcd  for  working  the  grrtat  organ  of  the  church  of 
JIotre-Dame  de  Paris,  with  satisfiictory  rcmilts. 

Poggendorff  and  Jncobi  hare  proposed  to  immeree 
tlie  xinc  in  a  solution  of  bichromate  of  [lotasJi  in 
dihited  sniphnric  acid ;  ami  this  prinnipie  has  been 
ntilisod  with  great  success  for  medical  purposes  in 
Stohrer's  machine,  which,  together  with  the  other 
medical  electric  apparatus,  will  be  described  in  the 
third  chapter  of  thiK  volume. 

Mari^Davy's  constant  battery  oonsiats  of  carbon, 
c,  immer8e<l  in  a  paiit«  of  protosulphate  of  mercniy 
contiiined  in  a  poroua  vase,  d. 
And  of  an  external  cylinder  of 
xinc,  z,  which  is  contained  iu 
an  extemal  vase,  v,  surroonded 

jby   water.      Protosulphate    of 

rmercnry  is  not  eaiiily  soluble, 

thnt  Rufficiently  to  that,  n  small 

I  quantity  of  it  may  pass  out  of 
the  poroos  vase,  and  keep  the 
zinc  constantly  amalgamated, 
the  mercury  being  reduced  on  the  surface  of  the  zinc. 
ite  «on8(^q'ueDcc  of  this  decomposition  of  the  salt  \» 
oxygen  and  sulphuric  acid  are  formed,  which 
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latUtr  ouinbiiio)  witli  tbn  zinc,  while  (wrt  of  tlit^ 
former  combines  witii  ibe  nuscent  bjrdrugen  to  form 
water,  metallic  mercary  and  oxide  of  mercar;  being 
precipitated  at  the  bottom  of  the  porona  ruse. 

MAri^-Diiry  bus  also  proposed  a  cotutant  batt«r7 
containing  sulphate  of  lead.  This  nit,  bein^;  com- 
pletely insoluble  in  water,  will  absorb  the  hydrogen 
that  is  formed,  and  tlius  prevent  the  polarlBation  of 
tlte  plates.     Fig.  13  shows  fire  puim  of  tJiiB  battery; 


Kb,  la. 

z  being  the  ziuc,  c  the  copper,  and  d  the  porous  rases 
oontainin^  the  sulpliat«  of  lead,  lite  exciting  liquid 
is  water  nr  salt  water.  M.  Tripicr  reoonuneuds  it  as 
a  UHuful  mixlicul  battery.* 

Prince  Bagration's  constant  battery  oonsistaof  vino 
and  copper  immeraed  inavaae  full  of  earth  moistened 
with  a  solution  of  chloride  of  aniniuniunt. 

Quite   reoL'ntly   a  chloride  of  silver   batt«ry   has 

•  Muiiial  d'lhwtrailtfnplf.    Fkrii^  1841,  p.  lOi. 
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been  described  almost  smiiiltancoiisly  by  Dr.  Wnrrcn 
De  la  Bue,*  of  London,  and  M.  PinciiK^t  of  Koaigs- 
bcrg.  Tliirt  coiMwte  of  rods  of  zinc  and  silver  wire 
•urrounded  bjr  chloride  of  silver  and  salt  vniter  or 
dilute  suliiharic  acid.  No  diaphragm  i»  aged.  The 
bj-drogeu  which  is  fit  free  in  thitt  batter}-  is  abaorbcd 
hj  the  chloride  of  silver,  whereby  the  poliuisation  of 
the  ailvcr  is  prevented.  As  no  acid  is  used  in  this 
battory,  and  it  moreover  occupies  only  a  smaJl  space, 
ft  is  probable  that  this  battery,  if  pi'oj>erly  arranged, 
will  come  to  form  the  best  portable  conKtotit  battery 
for  medical  use.  The  electrolyte  being  solid  nod 
little  solnblo,  the  battery  can  be  uswl  for  months 
without  perceptible  changes  occurring  in  the  positive 
BietoL  Dr.  Warren  Dc  la  Boe  ood  M.  Pincus  have 
entered  into  va  animated  eontrovcray  with  rt^ard  to 
the  priority  of  this  discovery,  each  claiming  it  as  his 
own — which  appeara  not  a  tittle  singular,  aa  the 
battery  they  have  described  was  invented  ten  years 
prerioualy  by  M.  MiiriCf-Dary,t  to  whom,  therefore, 
all  the  honour  of  the  discovery  belODgs. 

Tkt  Waler  Ballery.  —  Extensive  water  batteries 
have  been  constructed  by  Messrs.  Crosse,  Moad,  and 
Gaasiot.  Croase's  battery  consists  of  2,)>00  pairs  of 
copper  and  zinc  <7linderR,  immenied  in  water,  en- 
closed in  glass  jars,  insulated  ou  glass  stands,  and 
well  protiicted  from  dust  and  light.    Thirty  pairs  of 
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this  batterf  give  a  slight  spark ;  130  pairs  open  the 
gold  leaves  of  tiie  eloctr<)mi*t«r  nbout  Iwilf  an  inch ; 
250  patn  caitsc  the  gold  Wves  to  strike  their  Bides  t 
500  pairs  slightly  cauterise  the  sMn ;  1,S00  pairs  giro 
a  powerful  shock.  When  the  opposite  poles  of  2,400 
paini  are  connected  with  the  inner  and  outer  coating 
of  a  batterj  of  Leyden  jars,  a  coutinual  charge  b 
kept  up,  eai^h  discharge  being  ncootnpunied  vritli  n. 
load  report  which  mnj  bu  heard  at  a  con«idemblo 
distance.  The  dischargOfi  pierce  stout  leather  papiT 
aiid  deflagrate  silver  leaf,  while  light  substances  ar« 
attnu-tt-d  from  a  distance  of  some  inches.  Qiissiot'a 
wtttur  biilterj  consists  of  :J,.^20  -pturs  of  xinc  and 
copper  cylinders. 

These  batteries  require  nothing  hut  the  addition  of 
ordinary  wator  to  ninke  up  for  that  which  is  lost  by 
evaporation,  and  will  kii'p  in  good  condition  for 
years.  They  ur«.  however,  totally  un6t  for  medical 
nae,  partly  because  they  take  up  a  very  large  space 
and  are  very  troublesome  to  build  np,  and  partly 
bccauAC  their  electrolytic  and  catalytic  cRvcts  arc 
very  insignificiuit,  owing  to  the  had  conducting 
power  of  tho  water.  The  current  has  therefore  to 
overcome  an  immense  resistance  in  order  bo  arrive 
at  the  poles;  and  thus  by  far  the  largest  part  of 
tho  electricity  that  is  developed  is  checked  in  ila 
paasagb,  while  t]ie  small  quantity  which  passes  has 
a  high  state  of  tension.  For  niedicjil  use,  howUTur, 
jnat  the  opposite  is  required,  viz,  a  large  quantity 
and  compumtively  little  tenaioo. 
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A  combination  of  two  metals  immersed  in  or 
moiflteiu^  by  a  liquid,  is  called  an  opett  firfuit.  The 
fiirciiit.  is  rhiKud  if  ILe  t.wo  metals  are  ooiinecte<l,  apart 
from  the  liquid,  by  means  of  a  ntotul  wiro,  which 
latter  is  called  th«  conjunctive  wire  or  arch.  This 
wire  is  a  better  conductor  of  electricity  than  the 
liquid,  and  the  two  contrary  electricities,  therefore, 
which  are  liberated  by  the  electro- motive  force, 
travel  towiuxls  cjicli  other  through  this  wire  to  neu- 
tralise each  other.  Tlie  production  of  oltfctricity  in 
a  galvanic  pair  being  continuous,  the  conjunctire 
wire  will  therefore  be  traversed  by  a  con,tinuou^  gal- 
vanic iurretit,  a8  long  as  any  chemical  action  takca 
|>llice  in  the  pair. 

IHreetion  of  the  Current. — Ineach  galvanic  pair  there 
are  two  currents,  viz.  a  positive  one  travelling  towards 
the  negative  pole,  and  a  negative  one  travelling 
towimJs  tie  positive  pole.  In  order  to  avoid  mis- 
takes, however,  it  has  Ik-uii  genenilly  af^rced  to  take 
only  the  positive  current  into  consideration.  Zinc  is 
positively  olectritied  when  in  contact  with  copper, 
and  18  therefore  called  the  positive  metal,  while 
copper  is  termed  the  negative  metal.  But  while  the 
current  travels  in  the  Itijnid  from  the  jH^sitive  to  the 
negative  metal,  its  direction  is  reversed  in  the  con- 
juiictive  wire,  so  that  the  negative  metal  (copper) 
forms  the  pt)Bitive  pole,  while  the  positive  metal 
(zinc)  forms  the  negative  pole.  In  order  to  show 
at  once  the  direction  of  the  current  in  any  galvanic 
pair,  the  easiest  way  is  to  decompose  by  it  a  mixture 


z  twC- 


44 


FOKJIS  OF   ELECTRICITY. 


[oiAr.  I. 


|«X>^i 


,j^  of  iodido  of  potnssium  and  starch ;  it  is  then  se«n 

'  J    that  at  one  of  the  wires  an  effeirescence  of  hydrogen 

*^^  takes  place,  and  tliis  is  the  negative  pole;  while  at 

the  other  wire  a  deep  blue  colour  is  pn»duced,  and 

this  is  the  pu«itjvt'  polo. 

Eltctrolytit. — Whi<n  the  conducting  wireu  of  a  gal 
rauic  battery  are  jmmen»ed  iu  a  Teesel  containing 
water,  the  water  is  decomposed,  whereupon  oigrg 
appears  at  tlie  positive,  and  hydrogen  at  the  ne^ 
gatire  pole.  In  the  same  manner,  if  a  solution  of 
table-aolt  is  iiubjocted  to  thu  actios  of  the  carrent, 
chlorine  and  oxygen  accumulate  at  the  positive,  and 
hydrogen  and  sodium  at  the  negative  pole.  This 
may  be  showa  by  immersing  a  piece  of  litmns  paper 
b  the  salt  solution,  when  the  blue  colour  will  be 
rendered  more  intense  at  the  negative  pole,  while  tht' 
paper  is  reddened  at  the  positive  pole. 

This  electro-chemical  decoin  posit  ion  luis  by  Fara- 
day been  termed  eUctrolyntf  in  order  to  distinguish  it 
from  the  ordinary  chL-mical  decomposition,  which  is 
called  analytit.  Chemical  compounds  which  may  bo 
directly  decomposed  by  the  galvanic  carrent,  the  same 
philoeopher  haa  termed  tUetrolytai  i  the  metallic 
ends  of  the  conducting  wirv«  through  which  the  cur- 
rent enters  into,  ujid  passes  out  of,  the  electrolyte, 
he  has  called  deeiroda  (ways  of  electricity),  the  posi- 
tive electrode  being  named  the  anodt,  and  the  nega- 
tive the  calJiodr.  The  constituents  of  the  electrolyte 
are  culled  iow ;  Uiat  one  which  appears  at  the  posi- 
tive pole  being  termod  the  anion,  and  that  one  which 
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i^)pear■  at  the  ncgiitive  |)ole,  the  cation.  Thiu,  water 
ta  an  *  electrolyte;'  the  vlcctroilc  iit  tvbioli  tbc  ozy- 
-gen  appears  U  tlio  'anudv,'  and  tht*  oxyi^t'ii  itM^'lf  an 
''anion ;'  the  electrodu  itt  which  the  hj-drogon  aiipears 
ia  tlio  '  cathode,'  and  the  hydrogen  itaetf  a  *  catitm.* 
Tb«  electrolytic  effect  increa«eB  in  proportion  to  tiie 
iiutnlKT  of  pairs  of  which  tlie  batteiy  is  composed. 

SabstaocM  which  eonswt  of  one  equivalent  of  one 
tfleinent,  and  of  two  or  more  vquiviUcnt«  of  onotbor 
tflcmoiit,  are  no  electrolytes.     Chlorides,  forinfltanoc, 
auch  n*  chloride  of  sodium  or  potaflaium,  con  be  easily 
decoinpo«<.-d,   whiU"   i>erohloridea,   such  att   the  iier- 
chloride  of  platinum,  resitit  tiio  electro-eheuiical  de- 
composition.   Sulphuric  acid,  nitric  acid,  ammonia, 
an  no^electrolytes,  for  the  same  reason,  but  they  may 
be  doooinposed  if  water  is  atldvil  to  them.    Thus,  for 
inatooci*,   if  diluted  nitric  acid  is  Eubject«d  to  the 
action  of  the  current,  the  water  ia  docompotsed,  and 
the  hydrofoil,  which  is  dL-vvluped  at  the  negative  pole, 
at  onoe  couiliines  with  part  of  the  oxygen  contained 
in  the  nitric  acid,  to  form  water  anil  tiitrous  acid  ; 
wbile  ozyireri  apftears  »t  the  positire  polo.     In  the 
mno  manner,  diluted  nmmonia  may  hv  dvcompoaed. 
aa  thn  oxygen  which  is  UW-rut^^'d  at  the  positive  polu 
combines  with  the  hydrogen  of  the  ainmonta  to  form 
water,  whvruby  nitrogen  is  set  (W-e.    Thiii  is,  however, 
not  direct,  but  tfcimiUtry  tUct^ynn. 

On  the  whole,  v<-ry  foir  chemical  compounds  can 
tnuismit  Rgalranic  current  without  being  decomposed 
by  it ;  but  in  onler  to  be  electrolysed,  the  smnllc-st 
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particles  of  tlicso  bodios  must  bo  ft«el^  morable  iu 
all  directions,  so  as  to  b-j  able  to  obey  the  laws  of 
electrical  attraction  and  repulBion ;  and  they  inu6t 
therefore  be  gaaes.  Urjuidn,  or  Benii-xolidii. 

CMpotitriiiable  KlffimiU*. — A  neoetuary  cotiw^quciieo 
of  tlie  fuct  tliiit  tlio  tnost  fivble  vlcotric  oiirrvnt  ciui- 
not  truvflrse  an  i-k'ctrolyto  liqtiid  wilhout  decomposing 
it,  is,  that  the  surface  of  the  i.>tuctrodex  immersed  in 
BUoh  a  liquid  is  soon  covered  with  deposita,  either 
^aaeoHA  or  8(ili<).  Thus,  if  copper  wirea  are  immersed 
iu  a  solution  of  tttblo-salt,  bubbles  of  hydrogen  are 
seen  rapidly  to  enctrclu  tlio  iii>t;ati70  wire,  while 
the  positive  yt'ira  is  oxidisi-d  by  tlit!  oxy^-n  developed. 
The  liquid  then  at  once  exercises  a  chemical  action 
on  th«  deiiositn  with  which  the  surfaced  of  the  elec- 
trodes are  covered;  and  thus  secondary  currents 
MO  proiluoeil,  Eipctrodes  are  call«d  ]Kiliiri«cd,  if 
Uioy  di.'vo!o])i'^  II  sucondutT  current  in  ooiiHcquviico  of 
having  been  traroned  by  a  primary  current.  Polar- 
isation of  tlie  electrodes  lias  oQert>d  cuasiderable 
imfwd intents  to  the  study  not  only  of  auinuil  elec- 
tricity, but  also  of  the  physiological  action  of  artificial 
electricity  upon  the  animal  tistiues.  It  may  be  to 
some  extent  prurcnlod  by  fn-qiu-ntly  wiping  the  elec- 
trodes, but  is  compli>tely  avoided  only  by  using 
as  electrodes  pieces  of  pure  cine  immersed  in  a  ■<>• 
lotion  of  Bulpluite  of  zinc.  This  was  disoovered 
bjr  M.  Be^nauld,*  and  all  circumstances  connected 
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with  it  hare  been  fnrthor  itivcsligaUsi  by  Muttoucci  * 
and  I>u  Bois-Ecjinond.t 

IClettrie  Endo»mo*iH. — M.  Reuss,  of  Moscow,  \ms 
ducovi>red  Uiat  wLett  a  poroun  <lm[)hm.giii  l8  pliicixl 
in  a  liquid  ttuvcrsoil  hj  a  ^^ulvanic  currcitt,  the 
li(|ui(]  will  piutH  tiirouglt  thu  diiipliraifm  in  the  direc- 
tion of  tliB  positive  current,  M.  Porret  has  cialled 
this  process  '  electric  endoamosis.'  and  it  liaa  been 
studied  chiefly  by  Hoidenhujn,  Jiirgensen,  Wiede- 
mann, and  Qninvke.  The  bitter  found  that  there 
are  two  tuodox  of  propaywtioii  of  solid  particles 
which  are  Huspcmdcd  in  liipiids,  caused  by  the  action 
of  the  galvanic  current ;  for,  while  the  particles  near 
the  sides  of  the  tube  move  towards  the  positive  pi'^Ie, 
tbcKi!  in  Ibo  eentiv  of  the  tulw  move  towards  the 
negative  pole.  By  iiicrca«iug  the  intensity  of  the 
current,  those  particles  which  are  in  the  centre  are 
caused  to  move  more  rapidly  towards  the  negative 
pole,  while  flioso  near  the  aides  move  partially  to- 
wards the  m'jjative,  and  piirtiiUly  Inwards  the  posi- 
tive pole;  the  larger  om'8  taking  the  direction  towards 
the  positive,  and  the  smaller  towards  the  negative 
pole.  By  further  increasing  the  intensity  of  the  cur- 
rent, all  particles  are  made  to  move  towards  the  nega- 
tive pole,  whatever  may  be  their  size  or  position. 

Oalvanvmttr-r  MuUijiUnr. — ^If  a  mugiiotltted  needle 
be  placed  below  the  conducting  wire  of  a  battery, 
it  remains  quiescent  as  long   as  no  curreut  passea 
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through  tlic  wire,  bnt  a«  soon  as  ihc  circuit  is  cImc^I 
tlic  noc<lli!  iH  dufluotcd,  HO  that  itii  norlli  and  points 
westward ;  and  if  it  be  plact'd  above  the  wire,  it  lb 
deflected  eastwards.  The  amount  of  deflectjou  ob- 
tained is  proportionate  to  the  intensi^  of  the  oarrent. 
If  the  current  be  extremely  feeble,  no  deflection  will 
be  obtunod  unleiut  we  take  ciire  to  increase  the  effect 
of  tbo  current  on  tlie  magnet,  which  may  bo  done 
in  the  foUowinj;  way  i — The  conducting  wire  is  eotled 
round  the  needle  several  times,  and  the  several  con- 
volotions  of  the  wire  are  insolated  &'om  one  another, 
so  that  the  cnrrent  cnjuiot  pass  direcUj  through  them, 
but  luis  to  travente  the  whole  circuit  of  tJic  coil.  The 
more  numerous  the  cunvoliitiuna  of  the  wire,  the 
greater  will  be  the  eSect  of  the  galvanic  current 
on  the  needle.  A  contrivance  of  IJiis  kind  has  boon 
temiod  a  multiplier,  as  it  effects  a  multipUeation  of 
Ota  effects  of  the  galvanic  current.  For  investtgatJng 
the  eleotrio  current  cireulattng  in  the  nerves  of  aiit- 
miils.  Professor  Dn  Boia-Reyniond,  of  Berlin,  found 
it  necessary  to  use  a  multiplier  of  11,000  convolu- 
tions ;  and  for  showing  the  current  propi-r  of  the 
muscles  in  the  living  man,  one  of  2-1,000  convolutions 
of  a  tine  copper  wire  was  required. 

Qu'iNtity,  iHtenaSly,  DcnaHy. — Tlie  intensi^  of  tlie 
galvanic  current  correaponds  to  ihe  qnantity  of  elec- 
tricity which  traverses  the  circuit,  and  is  the  Mine 
in  lill  the  different  parts  of  the  circuit.  This  inten- 
sity, or,  in  other  words,  the  quantity  of  electricity 
which  cireulates  in  a,  giren  space  of  time,  is  propor- 
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tiunate  to  the  ft»rfit«c  of  th«  fvalraiiic  pair,  and  to  the 
dogroc  of  clicniical  affinity  which  exbta  hetween  the 
flifTerrnt  snbstanoea  composing  tht>  hnttt^ry. 

The  iiiti>Tuiity  of  the  gnlvanic  (nrn?nt  is  the  eamp 
in  itll  points  of  the  circuit,  and  in  nil  ports  of  tlie 
tcmnsTcne  wetion  of  the  oom'nnctiTe  wire.     The 

itensify  oS  the  cnrrrnt  undergora  no  nlteration  if 

txmnSTcne  sGctioa  of  one  portion  of  the  wire  be 

diminished ;  bnt.,  on  the  other  hnnd,  it  is  obvionii  tliat 

electricitjr  which  moves  witJiin  a  pTcn  ttpncc  of 

letlirmi^hart'duocd  tn»n9TPi*c  section  of  thevrire, 

imt  W  in  a  state  of  greater  fft'nft'y  than  that  panning 
through  the  hirger  ttsnarerse  section  of  the  wire. 
Tfans,  if  I  denotes  tJie  intensitf  of  the  current,  D  it« 
doncity.  and  T  the  tJAitsveiw  section  of  the  conjunc- 

Ure  wire,  thefonnolaohljuned  wiU  be  Ds:    ;  that  is 

tio  ny,  the  density  of  the  electricity  is  equal  to  the 
ateaaity  of  the  current  divided  by  the  tnuuverse 
neUon  of  the  conjunctive  wire. 

Raiulamif:  Conituetinif  Power. — We  hare  seen  tliat 
when  t}ie  pole*  of  a  pair  arc  ounnocted  by  a  coa- 
diictioK  wire,  the  two  contrary  electricities,  which  are 
Itberatod  by  the  eleotro-uiotire  force,  trvvel  towards 
.  other  to  neatralise  each  other ;  hut  in  no  battery 
lo  we  erer  obtain,  in  the  fonu  of  a  ciim-nt,  the  whole 
raoiouut  of  electricity  which  is  produced  by  the  che- 
mical  aotim  of  the  substances  in  circui^^  the  quantity 
of  electrioity  in  circulation  being  always  tess  than 
which  wouhl  trareree  a    i>erfectly -conducting 
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coujuuctive  wire.  While,  therefore,  the  (luontity  of 
electricity'  jiroduMtl  di-peiids  upon  tlie  iiiti-iittity  of  thu 
cJeetro-motire  foroc,  the  quantity  of  eli>etricily  tJiat 
is  IrafclUng,  aud  may  be  collected,  depends  upon  the 
resistance  offereil  to  tbe  piusiige  of  tiie  electricity 
tlirougli  conducting  bodies,  And  ujton  tlie  tension 
with  whitih  the  electricity  is  drirua  tLroiigh  tlie 
CDDJunctire  wii-e. 

All  bodiea  through  which  an  electric  current  is 
propagated,  offer  a  eert^uii  resistance  to  the  passa^ 
of  the  ourrent,  and  consequently  ditniiiish  its  intea- 
sity.  There  are  no  ub^tulutely  purfect  coudiiotorv  of 
electricity.  If  the  lUii^ctiKc-d  iiuudlc  of  n  gulruuo- 
ueter  be  brought  into  the  circuit  of  a  battery,  the 
needle  is  to  eouie  extent  deflected  by  tlie  current ;  if 
we  then  interpose  copper  or  silver  wires,  which  urc 
the  best  condnctt^irs  of  eleclricity,  between  tlie  poles, 
the  deflection  of  the  dl-mIIo  appears  le«s  con»idvrublc 
than  before — showing  that  the  power  of  the  corrent 
has  been  diminished  by  the  interposition  of  the  wires 
into  the  circuit. 

Ohm't  Law. — Professor  Ohtn,  of  Unreinberg,  luis 
uiatheinatioally  investigated  the  circamHtatices  which 
influence  the  qtuuitity  of  electricity  that  may  be 
obtained  from  u  galvanic  circuit,  and  lias  established 
the  law,  that  UkC  itUmsity  of  the  cyirrvnl  it  direelly 
prvporiional  to  tin  eleelro-ntotive  forco  divided  bg  tAv 
reauttanee  in  ilie  circuit.  Thus,  if  I  denotes  intensity. 
E  the  e3octro-niotive  force,  and  It  the  resistance,  the 
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The  resistance  of  a  galvanic  batterj  ia  composed  of 
two  different  kinds — riz.  of  the  resistance  of  tlio  puir 
itielf,  and  of  thu  n'siittttnco  oflV.-red  by  ttio  conjnnctiro 
win*.  Tho  nwinttincv  of  tlie  i>air  is  alira^B  tbo  name, 
and  ia  tliercfore  called  ettentiai  re»istaju:c ;  while  tho 
n-fliatance  of  the  conjunctive  wire  ma;  be  diminiebed 
or  increased  nd  libUam,  and  is  therel'ore  called  lum* 

Tliiu.  for  iniftancv,  a  pair  of  Grove's  battery  ha« 
only  liulf  the  resistance  of  u  pair  of  Daniell's  batterj 
of  the  same  size,  because  nitric  acid  is  a  better  con- 
ductor than  a  solution  of  sulphate  of  copper  (essen- 
tial reifistaiice).  On  tho  other  hand,  if  the  golvaitic 
circuit  ia  closed  bjr  n  copper  wire,  there  will  be  very 
little  uon-eespntiat  resUtanee,  becatise  copper  is  an 
rxci-llent  conductor  of  electricity ;  while,  if  it  is 
doMrd  bj  tho  human  l>odj,  there  will  be  a.  very  large 
non-essential  resiatanco,  becnase  the  Ituman  bodj  is 
a  very  bail  conductor  of  electricity. 

It  ap[iears  that  if  the  surface  of  the  metals  is  in- 
crvosed,  the  esaeutial  resistance  of  the  circuit  Is  pro- 
purtiutiately  diminished,  since  the  iTaiiaverse  sectioa 
of  the  circuit  is  corrwiiK>ndiugly  decreased.  If,  thero- 
forr,  tho  nou-cgseutial  rvsistance  is  small,  a  few 
largo  pain  will  bo  most  aonriceable ;  while  if  tho 
non-««Bential  reaiatanoe  is  great,  a  considerable 
nuntlH>r  'if  [>airA,  with  small  or  medium  aar&ce,  will 
U-  preferable.  Thus,  if  tlie  circuit  is  closed  by  tlte 
human  body,  or  by  liquids  which  it  is  tntoudcd  to 
deoompvse,  a  krge  number  of  cells,  which  increase 
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the  tensioD  of  tlie  eleotripitjr,  ehoiild  l>c  employed  ; 
while  if  a  wire  ia  to  be  madcrud  iaoitndosconi,  as  for 
tlte  purpose  of  oauteriMtion,  a  few  cells  witli  targe 
surfuco  will  best  answer  our  purpose. 

Tho  resistance  of  bodies  varieB  aoconling  to  tlieir 
ebeiuical  nature,  temperature,  and  form.  IU-mii,  gliMS, 
and  sulphur  arc  iho  worst  conductors,  while  nu'tuJs 
uflforouly  littlt^resifitunco  to  the  passage  of  a  current; 
they  are,  therefore,  termed  g;ood  conductors,  aa  they 
periuit  of  tolerably  rapid  propagation  of  electricity. 
The  conducting  power  of  the  severiU  mctuls  is  dif- 
ferent. Silver  18  the  best,  and  mercury  tJie  worst 
conductor ;  after  silver  mnka  copper,  which  conducts 
better  tlian  aiM;  ^Id  conducta  better  Uiaii  iron; 
iron  bett^'r  than  platinum ;  platinnm  better  than 
leud.  The  resistance  offered  to  an  cloctrie  cuirent  is 
especially  gpi^t,  if  it  passes  from  a  lit]uid  to  a  solid, 
or  from  a  solid  to  a  liquid.  Liquids  conduct  much 
worse  than  metals,  but  elevation  of  temperature  in- 
creases  their  conduettag  power,  whil«(  heat  dimin- 
ishes tho  conductivity  of  metals.  To  give  Mome 
instances :  the  resistance  offered  by  a  concentrated 
solotioD  of  sulphate  of  copper  to  the  passage  of  on 
electric  current  is  sixteen  million  times  greater  tluui 
that  offered  to  it  by  metallic  copper ;  the  renistanoe 
of  distilled  water  is  four  hundred  times  greater  than 
that  offered  by  a  solution  of  sulphate  of  copper. 
Therefore,  on  electric  current  will  pass  more  easily 
through  a  copper  wire  ten  thouiiand  mites  tn  length 
than  throng])  a  layer  of  water  one  inch  in  length. 
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The  contluctiDi;  power  of  bodi<>H  does  not  only 
depend  upon  their  chemical  nature  and  teraperaturp, 
but  also  upon  their  form.  If  an  electric  current  of 
the  Rauie  intensity  be  miule  to  paiis  thron^rh  wirea 
of  the  enmc  metal  and  dinineter,  but  of  ditferent 
lenjrth,  we  find  that  the  current  losei*  power  in  pro- 
portion to  the  lougth  of  the  wires  through  which  it 
13  caused  to  puss.  If,  on  the  other  hand,  the  current 
pasHea  through  wires  of  the  same  metal  and  length, 
but  of  difli-rent  diameter,  the  power  of  the  current  is 
iui'n^asi-d  in  proportion  to  the  dianiet^r  of  the  wirea. 
Thus,  for  instance,  a  copper  wire  a  hundred  feet  long 
and  the  twelfth  of  an  inch  iu  diameter,  offeni  the 
sanie  resistance  as  a  copper  wire  two  hundred  feet 
long  and  ii  sixth  of  on  iiicli  in  diameter.  To  give 
another  example :  the  resistance  offered  by  the  arm 
of  a  uiiut  is  nearly  the  some  as  that  o£Eered  by  the 
leg;  since  both  the  length  and  the  diameter  of  the 
|ieg  aire  nearly  double  those  of  the  arm. 

The  rcscarchen  of  Voltu,  Buroii  Humboldt,*  and 
Bittfrf  have  etitabli8ht*d  the  fact  that  the  human 
body  is  a  conductor  only  on  account  of  the  warm 
BalinQ  solution  it  contains,  and  that  its  resistance  i« 
chiefly  due  to  the  epidermis. 

Professor  Edward  Wober,  t  of  Leipaig,  made,  in 


*  A.  Ton  Iluinlialcll.  Vonmcho  ubot  din  gcroutc  Moikel-  uad  Mrr- 
fcaAui-r.     Pomiu  und  Berlin,  1797-    Vol.  i.  p.  152. 

t  Brilrigr  lur  uibrrn  KuiiDlJiiu  ilm  Qui  rani  imuii.  Weimar,  IStii. 
Vid.  i  p.  2S8. 

J  lJu»»ti»Kp"  iilijuiiiloKu*  >li>  )>!i»-tiui>ivnii  ^UuaO'tiui^eticut  in 
torpuit  hulnmiiu  .tLii*mtl*.     Lipein'.  IVI6. 
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1836,  a.  series  of  oxpcrioieuls  on  the  oondticting 
powiT  of  Ihc  humati  budy,  from  wLicb  he  L'oacludud 
that  itcondnct«  about  toB  to  twent}- times  better  tiian 
distilled  water  at  a  temperature  of  OS'  P.,  and  fiftj  mil- 
Uon  tiinoR  worse  than  copper.  He  corroborated  Uuni- 
boldt'K  tttutc-muiit  tluit  the  reaistjuic«  of  the  humau 
body  van  chiefly  duo  to  the  cpidormis ;  uffimied  that 
it  vraa  greatest  where  the  skin  was  tliiek  and  dry,  and 
least  wl]ei-e  it  vas  thin  and  moist ;  that  the  mucoDS 
membranes  conducted  better  tluui  the  slcin,  and  that 
the  reaistoDce  of  the  whole  body  conld  be  very  much 
dirainislted  by  bliHtoririj;  the  skin,  or  by  applying 
witrm  instead  of  cold  conductom. 

A  few  years  later,  Lenz  and  PtschclnikofT,  of  St. 
Petersburg,  investiijated  tbe  name  sabjfrct.*  They 
used  for  their  i>xpi>riments  Clarke's  magneto^electrtc 
rotation  maehine,  and  employed  as  meaaurer  of  the 
current  a  multiplier  placed  at  a  dLitanee  of  etgbtocn 
feet  from  Clarke's  apparatus,  in  order  to  avoid  any 
action  of  the  horse-shoo  magnet  upon  the  mHgnetisod 
ntwdlv  of  the  multiplier;  tliv  dii'flectioiui  of  the  needle 
being  observed  by  means  of  a  telescope.  Two  ressels 
were  then  filled  with  water  slightly  acidulated  with 
sulphuric  acid;  otic  of  the  vesaela  wiw connected  with 
one  of  the  ]>oIc8  of  Clurko'tt  mnchinv,  by  meens  of  a 
short  and  thick  copper  wire,  which  did  not  present 
any  resistance  to  passage  wortlt  mentioning;  one  of 


*  Ucbor  dan  LnllDOipwlilenitaiKl  do*  noDtcblichon  Kiiipm  gt^n 
mlnnlirha  Sti^mo;  in  PoggondarfT*  Aiuidtn,  vol.  ItL,  IMS,  p. 
419. 
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the  onda  of  the  multiplier  was  then  inimfre^d  in 
tiie  other  vessel,  the  other  end  of  the  mnltiplier  being 
connected  with  the  other  pole  of  the  mafjneffl-eleetric 
machine.  Now,  a  man  whose  reeii^tunce  to  thv  pas- 
of  the  electric  current  wiis  to  he  meusared, 
wan  ordered  to  immorse  his  hands  in  the  two  Teasels, 
in  order  1o  oloso  tho  circuit;  when  the  magneto- 
electric  current  passed  through  his  body  to  the 
inagnetined  needle  of  the  multiplier.  At  flnt  the 
,  deflection  wttit  noticwl  which  occurred  when  the  ex- 
tremities of  the  multiplier  were  connected  with  the 
coil  of  C'larke's  apparatus  without  the  intervention  of 
any  foreign  body :  afterwards  the  deflection  obtained 
when  the  human  body  was  enclosed  in  the  circuit; 
and,  6nally,  the  deflection  obtained  when  the  human 
body  was  removed  from  the  oircuit.  From  the  first 
iind  third  deflections  the  medium  was  taken,  nud  the 
result  compared  with  the  amount  of  tho  second  de- 
flection. 

Leni!  and  Ptschelnikoff  made  their  experiments  cm 
a  working  man,  two  persons  of  rank,  a  boy  of  seven 
years,  a  (jirl  of  nineteen,  and  a  young  man  of  seven- 
teen. It  appeared  immaterial  whether  the  immersed 
part  WM  near  the  conducting  wire,  or  at  some  distance 
from  it,  since  the  differences  produced  in  the  deflections 
of  the  needle  by  changing  the  position  of  the  wire  did 
not  amount  to  one- tenth  of  a  degree ;  but  it  was  shown 
that  the  umotmt  of  surface  of  the  immersed  part  of 
the  body  pios  of  the  greatest  influence.  Thus  the 
resistuncc  wiu  iJ4'-09  if  only  the  flrst  finger  wu«  im- 
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■ucfjied  Into  tlii*  liquid ;  the  reaistanoe  was  dimimslicd 
to  lif'-^O  if  tliv  mitldle  finger  wu  also  iMtueriied;  it 
wiu  oalj  0°'06  if  thv  vrholo  huad  vm»  pltinged  into 
the  liqaid. 

One  of  the  resolts  of  these  oxperiments  wax,  ihaX 
tbe  ooiiJuutivit}'  of  the  human  body  is  shown  to  hv 
alto^ther  different  uccordiug  to  the  conducting  liquid 
that  is  used.  Xhu«,  if  wuter  trvm  Uie  Neru  was  pat 
into  the  two  Ti.>Hst.'l!t,tho  n.-Histanco  uniouiitod  to  l<t*'53. 
If  one  part  of  sulphuric  acid  waa  added  to  a  Imndrwl 
parU  of  water,  the  resistance  was  diminished  to  6° "06. 
A  little  scratch  mode  on  the  tuuid  furUier  reduced 
the  retiistoncu  to  4"-Hl  :  and  if  four  purtKuf  sulphuric 
acid  were  added  to  a  hundred  ports  of  vrat^r,  the 
resistance  was  only  ■I'-A? ;  that  is  to  aaj,  four  times 
less  thiui  if  oi-diuary  water  was  employed  as  a  con- 
ducting; liquid.  The  greiitest  part  of  tlic  reKistunce 
of  tliu  human  liody  i«  therefore  due  to  the  epidi<nui», 
the  removal  of  which  nota1:ly  diminishes  resistanoc. 
which  is  aUo  much  reduced  by  the  nse  of  a  well- 
conducting  liquid. 

.  Besides,  it  app<>art'd  that  the  retustonce  oifered  by 
joting  people  is  ^-atvr  tlian  that  of  elderly  poraons ; 
that  the  rosiKtauoe  olferud  by  tliv  hands  of  workinff 
men  is  ^eater  than  that  of  the  bands  of  peraons  of 
rank ;  that  the  resistance  ofiered  by  the  right  luuid 
is  greater  than  that  of  the  left.  Lenz  and  Ptsohei- 
nikoff  have  calcuhLted  the  resuttanoe  of  the  whole 
body  to  be  equal  to  a  copper  wire  of  one  millimetre  iu 
diameter  and  ^OU,OtU  feet  long,  if  water  diluted  with 
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one  per  cent,  of  sulplmric  iicid  was  iisoil  as  the  con- 
ducting liquid :  but  if  four  piLrts  of  sulphuric  acid 
were  addttd  to  a  hundred  parts  of  water,  the  resistance 
appeait-'d  to  be  equal  to  a  copper  wire  2 1  'AfiOO  feet  long. 

The  fact  that  the  coiiductiiig  power  of  young  per- 
sons shoitlil  be  U-39  than  tliat  of  elderly  people,  is,  by 
Du  Boi^Reyinund,  attributed  to  the  einiLller  trans- 
Terse  section  of  their  fingers,  which,  next  to  the  epi- 
dermis, ofter  the  greatest  resistance  to  the  passage  of 
electricity.  Kaiike.*  however,  thinks  it  ratlier  more 
dependent  upon  the  different  chemical  eomposition 
of  the  liquids  and  tissues  of  young  and  elderly 
t>oopW.  Youthful  tissues  contiiin  a  greater  pro- 
portion of  water,  and  adult  or  senile  structures  » 
more  considerahh^  quantity  of  salines,  other  thingti 
being  equal ;  and  thfs  would  anfliciently  explain  why 
the  youthful  body  must  eonduct  less  well  than  the 
adult  one.  Thure  can,  however,  l)c  little  doubt  that 
both  the  circumstances  mentioned  by  Du  Bois  and 
Ranke  contribute  towards  this  result. 

There  ore  certain  differences  in  the  conducting 
power  of  different  persons,  and  of  the  same  indi- 
vidujilii  at  different  times,  which  have  not  yet  been 
siiti^fuctorily  explained.  It  is  well  known  that  some 
persons  are  naturally  better  conductors  of  electricity 
than  others ;  and  this  must  be  in  some  measure  due 
to  the  great  variety  which  exists  in  the  quantity  of 
perapiratioii  in  different  individuals.  But  this  cir- 
cumstance alone  i^  uot  sutHcient  to  explain  all  tlie 
■  Tctonu*.    Bine  ph]tualagiiii;he  Sludit.     Lcipiig;.  ISSS.  p.  13. 
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pheaomcnn  winch  liavc  been  obs&rrcd.  Thus,  ft 
iustaiice,  whcii  ahoclcK  from  ii  Lcjrdcn  jur  urc  ti 
tuiUed  Uirouj^h  a  numborof  pcrsoDs  forming  n  chain, 
there  are  people  in  the  chain  who  will  feel  the  shock 
very  slightly,  or  not  at  all,  and  ROnie  will  eren  stop 
the  propagation  of  electricity ;  while  other  individaala 
nill  feel  the  ahock  verj  severely.  Now,  this  might 
be  readily  understood  if  the  hands  of  su«h  jwrtions 
who  stop  the  shock  should  happen  to  bo  quite  dry, 
or  ttio  cpidemus  very  thick ;  but,  in  many  instunceK, 
such  is  not  the  case:  sometimes  pereons  will  i>top 
the  propagation  of  electricity  whose  epidcrmiB  is 
very  delicate,  and  even  if  it  be  purposely  nioistened 
in  order  to  facilitate  the  traosmtssion  of  tho  shock  ; 
while  at  other  times,  the  same  persons  will  feel  the 
shock  very  distinctly.  Similar  observations  have 
been  made  with  reg^iird  to  lightning.  Thus,  a  single- 
|>erson  luui  been  struck  in  the  middle  of  a  group  of 
men,  while  all  others  remained  untouched;  and,  on 
tbe  other  hand,  a  number  of  persons  standing  to- 
gether have  been  killed  by  the  stroke,  while  one  of 
them  escaped  witJiout  injury.  It  is  also  nnderstood 
that  certain  Iiidiiuis  and  negroes  can  handle  the 
electric  eel  witliout  exporiencini;  shocks;  nod  Mr. 
^*SS  <L**>«rts,*  that  if  a  number  of  persoas  join 
liands  and  one  touch  tho  eel,  they  are  all  equiUly 
shocked,  unless  there  should  happen  to  bo  one  of  the 
number  incapable  of  being  affected  by  the  eel,  which 

■  TnaactiDiiB  of  rbe  ABinMii  Diil.  Sodolf.  bnlil  U  Pliilw]<il{iliiii. 
1788,  voL  ii.  No.  IS. 
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U,  lie  sayn,  '  the  case  of  ut  very  worthy  lady  of  my 
ac<]uaintnn<ri>,  wlio  cu-n  hundk*  this  fish  at  wUL*  (It 
is  said  that  this  lady  suffered  from  hectic  fever.) 

(hnductivity  of  TiMues. — Reseai'chcH  on  the  relative 
conductiug  pow«r  of  the  different  animal  tiasncs  are 
of  recent  date.  Tlie  oKl  physioloyisl*,  who  hiui  not 
tfxperinieiitt'd  on  tho  oulyuct,  hulicved  that  the  iit-rves 
viVTc  tho  best  condiictinjr  tisHiic  of  the  animal  body, 
carrying  the  orders  of  the  will  with  the  rapidity  of 
lightning  to  the  muscles.  But  it  resulted  from  the 
first  experiments  wliich  were  made  on  this  matter  by 
Heidmann,  in  180.!>,  and  again  from  those  of  Person,* 
id  1830,  that  the  nerves  are  no  better  conductors 
than  the  muscles  and  other  moist  animal  suljHtaiicea ; 
and  IJiat  their  coiiducttTity  is  not  changed  through 
any  mechanical  injury  being  inflicted  upon  their 
substance 

In  1H43  this  subject  vnus  investigated  by  Mattoucci, 
who  was  led  to  the  conclusion  that  the  musclea  are 
the  best  conducting  tissue  of  the  animal  body,  that 
the  brain,  the  spinal  cord,  and  the  nerves  are  not 
very  different  from  each  otht-r  in  this  rodpect,  uud 
that  they  conduct  fom-  times  worse  than  (ht:  muscles-f 

Matteucci's  Tiewa  were  almost  generally  received 
by  the  Profession,  but  we  shall  see  presently  that 
the  method  he  employed  in  his  researches  is  <ii>en  t-o 
objections,  and  does  not  yield  correct  results.     In 

*  SuF  I'hjrpolhMt  dva  coarnng  ftcolriqura  donil  Ie>  liprOt;  in  HiBgen- 
'lie,  Jmtrntil  •\t  In  I'hjMcilogie  I'xpjri  menial «.     I'HrU.  1830. 

t  Traiti  ilot  plii'idin^nit  plrclro-|>lij*  ol'ijiijii™  d™  Miimniix,  •Ir. 
(I'kd*,  1844),  [>.  4T:  nod  ConptM  Tondu*  (1843),  p.  33. 
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ordor  to  ii«ci-rt)iin  tlie  relative  conductirity  of  ncrre* 
and  muBck'if.  lie  took  a  lajcr  of  tlie  ccrvbrul  sub- 
stance, a  pleco  of  the  sciatic  noire,  and  a  pt«ce  of 
a  muscle  from  the  iiiigh  of  a  rabbit  recontly  kUl«d ; 
he  tbcii  reduced  theae  substances  to  slices  of  tbe 
tanitj  thickiivits,  and  caused  a  continuous  current  of 
twelve  jmirs  to  puM  tlirou^b  tliia  cbain  of  animal 
Bubstnnces  lying  on  an  inmUnting  plane.  Be  em- 
ployed two  diSerent  wuya  fur  comparing  tbe  rcslst 
MCe  scjmrMtely  offered  by  nerves  and  musclea.  At  Qni 
he  touched  pieces  of  iienres  and  imiscles  of  eciual 
length  with  tbe  oxtreuiilies  of  a  sensitive  galvano- 
meter multiplier,  whicb  were  beU  at  equal  distancos 
fh>ni  encli  other;  and  obtained  more  considerable 
deflections  of  tlie  magnetised  needle  vrhen  he  touched 
tho  niUHcIe  than  when  he  touclii'd  the  nerve;  the 
amount  of  dcflit-tion  being  inversely  proporlional  to 
the  resistance  offered  by  the  different  anbatanees  to 
the  passage  of  the  enrrent.  lie  afterwards  altered 
the  distance  of  the  extremities  of  the  giilvntiometer 
mulliplicr,  so  as  to  obtain  equal  dcBeotions  of  the 
magnetised  noodle,  by  touching  either  the  nerrcs  or 
tbe  musclos ;  the  resistance  to  passage  being  in  this 
loBtttnco  invorsely  proportional  to  the  length  of  the 
animal  tnibotancos  comprixod  between  the  extromitios 
of  the  multiplier.  He  thus  found  that,  in  order  to 
obtain  tbe  same  deflection  of  the  needle,  he  had  to 
approach  the  extremities  of  the  multiplier  wlien  he 
touched  the  ncrres;  whilst  when  ho  touched  the 
musclea,  he  wax  obliged  to  increaao  the  distaucu 
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betvi?en  the  extroinities  of  the  mnltiplitfr.  Fi-om  thia 
Mattviicci  calculated  that  the  niiiaeles  conduot  four 
timcH  hotter  than  the  aer\ee,  wliiLit  tlie  iicrres  coniluot 
ntlwr  better  thou  the  brain  and  the  spiniU  cord.  The 
experiments  of  Matteuoci  were  re[)eat«<l,  luid  ou  tho 
whole,  confirmed,  by  Dr.  Schlesinyer,  of  Vienniu* 

Several  objections,  however,  iniixt  be  made  to 
Hattcuoci'e  oxp<.Tinient«.  Iii  the  first  place,  it  has 
been  pointed  out  hy  Da  BoiH-Kcjmoud,  that  the 
tUces  of  the  difftTt-nt  tissues  can  never  he  exactly  of 
tlio  same  len^h  and  diameter,  besides,  Matteacci 
neglected  to  meaaore  the  intenaitjr  of  tJie  current  of 
the  bntterjr ;  and  Sually,  it  seems  ittrauge  tluit  he 
thotild  have  obtained  exactly  tho  aamu  n-suit«  by 
boili  of  his  metliods — a£  tti  tlie  former  of  them  nn 
influence  rnuHt  hare  been  necessarily  exercised  by 
polarisation,  whilst  then!  was  no  sucli  Inftucnoe  in 
tlw!  latt>.'r  prowcding. 

Wf  thi-n-'foru  cannot  accept  Matteuoci's  rcsoorclies 
D8  coDclnsive,  and  need  not  be  surprisc^d  that  other 
results  hare  been  obtained  by  means  of  an  ingenious 
method  devised  by  Professor  Eckhard,  of  Giesseti-t 
The  result  ut  wlii-^i  this  observer  has  urrtTed  is,  that 
tho  rcaiatotiw  offered  to  the  piuaag«  of  on  electric 
ourreot  by  tlic  muscles,  tendons,  nerves,  cortilagea, 
•od  boDSf,  b  not  always  tJie  same,  because  the 
unouiitof  water  Uitheao  tissues  is  variable.     Indeed, 

•  1)1*  KhkthfiUi  til  BrilBitlcI.  KtitKlirtft  Wlonu-  AsMo.  IB13, 
Jutf. 
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there  nne  not  only  differeneos  in  this  respect  betwLN'n 
different  individuals  of  the  same  species,  but  thu, 
Bame  tisaues  taken  from  different  parts  of  the  sai 
body  present  differences  in  ttie  amount  of  water  they 
contiLiii.  Thus  it  iit  a  futrt  irell  known  to  anatomia 
tliat  tlio  inodiitn  norru  ut  tlie  fore-arm  contnlnS^ 
fewer  blood-Ti.-»s(>ls  tlinu  the  sciatic  nerve  imniD- 
diiiti'ly  after  it  has  vm«rgod  from  the  pelvis.  Thcr^ 
fore,  the  median  nerve  does  not  conduct  so  well  as 
the  BciuUc  uen'e.  Finally,  it  mutit  be  considered, 
that  a  more  or  lens  active  eraporBtiou  of  water  ii 
tilways  going  on  during  the  time  that  tjic  tissues  an* 
reduced  to  such  a.  shapt;  as  to  be  fit  for  obeerration  ; 
whereby  certain  variations  must  invariably  occur, 
according  to  the  temperature  of,  au<l  tJic  amount  of 
inoiitturo  contained  in,  the  air. 

As  the  diifereiit  niituial  tissuce,  with  the  only  CZJ 
caption  of  tho  nerves  and  the  luiubrical  musolesvi 
cannot  be  well  reduced  to  such  a  shape  that  tbi* 
longitudiniil  and  ti-ansverse  aeetJonn  are  perfectly 
alike,  thtH  beiii^  a  net:eti8iu*y  coiidtti<m  for  tlie  ei 
calculation  of  thoir  resistunet;  to  passage,  M.  Eckhi 
did  not  compare  directly  tho  resistance  offered  sej; 
rately  by  the  tissues  themeelvcs,  bat  first  determined 
the  resistance  offered  by  any  piece  of  animal  UK«tie ; 
from  this  he  afterwards  took  a  cast  in  plo-^ter  of 
Fbris,  by  means  of  which  he  formed  a  piece  of  glue 
peril!!ct]y  like  the  piece  of  aiiiinnl  tissue  already 
examined;  mid  then  mon-stircd  tho  resistance  offered 
by  the  piece  of  gUw.     The  glue  u»ed  for  tbeee . 
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expL-riinttnU  wm8  always  of  the  same  strength,  and 
e  expL>riiaent«  vrero  not  commenced  before  the 
different  pieces  of  glue  bad  cooled  down  to  tlie 
8uuie  temperature;  the  cooling  was  eflii>ct«il  in  a 
room  ftllod  with  moisture.  For  axcertuining  the 
conduciivitjr  of  niuscnlar  substance.  Professor  Eck- 
hftrd  took  libn:8  from  a  dciul  body,  nfli^-r  the  rigor 
mortu  hod  disappeared  ;  bocauso,  bcfuro  this  period 
has  elapsed,  it  is  not  possible  to  form  a  piece  of  glue 
[)«rfectl}'  similar  to  the  piece  of  muscle.  In  order 
to  avoid  the  sbrinking  of  the  muscle  that  might  be 
iccuitiuiied  hy  tlie  hygroscopic  pro^icrty  of  plaster  of 
Paris,  ho  covered  the  muscuhu*  fibres  with  n  layer 
of  lilt  bcfoi-e  he  took  the  cast.  After  having  de- 
termined the  com|)4irative  resistance  offered  by  the 
different  animal  sub»tauces  and  glae.  it  was  easy  to 
calculate  the  relative  difference  in  tlic  conductivity 
of  the  luiiuial  liKsui-s  themselve*. 

As  m<!asurcr  of  the  current,  u  gnlranomeLer  multi- 
plit-r  of  8,000  ooiiTolutiouH  van  L-m[)loycd,  and,  in 
order  to  avoid  the  influcuoe  of  pularieation  us  much 
as  possible,  copper  wires,  cemented  iu  glass  tubes, 
were  tukeu  as  electrodes,  the  &ee  extremities  of  which 
wore  iiumersed  in  a  concentrated  solution  of  sulpbato 
ofcopiwr.  Tbe  current  it«elf  was  fnrnisliud  by  a 
tiiuglc  lell  of  I>aiiit^'irs  battery,  the  constancy  of  which 
bud  been  tcslcd  before;  cusbionsofblotting  paper,  well 
nioistuaod  with  tbe  white  of  an  egg,  were  iinmetaed 
with  one  extremity  in  the  liquid,  their  other  ex- 
tremity serviji^  as  electrotle. 
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M.  E<-kliar<1  ftTst  ueeriainod  tlio  doflcclion  mf- 
furcd  by  t)io  tiiuf^etind  nv«dle  if  thu  circnit  wns 
closed  hy  the  cuxhions  alono.  He  tben  interposed  a 
piece  of  muscular  subiitance,  nhereb^'  Uie  deflection 
naa  diminished  to  a  certain  extent;  if  a.  piece  of 
teulon  was  interpn8i?il,  the  deflection  wa«  furtlicr 
dimiuighed.  He  nft.(>rwi9rd9  noticed  the  deflectiooi 
of  the  needle  produced  by  the  interposition  of  different 
pieces  of  glue  corresponding  to  tliu  pieees  of  muscles, 
tendona,  etc.  In  this  way  he  found  that  the  rouBcles 
luv  tlie  best  conducting  tissue  of  the  animal  body ; 
tliat  there  is  no  reniniltnblo  difference  in  the  condue- 
tivity  of  nen-ce,  cartila^rvs,  ind  tendons:  and  that 
the  bones  are  very  imperfect  conductors  of  electricity. 

HavioR  put  the  resistaow  of  fibres  tnlten  from  the 
sartorias  ninscle  of  maa=l.  Eckliard  found  the 
resistance  of  tlie  tendou  of  tJie  gastrocnemius  =  1'7 
to  r9;  oftJie  tendon  of  IJie  m'mitendiiioBus  =  2'2  to 
2'4 ;  and  of  the  tendon  of  the  exlenitor  carpi  rotlialis 
«  2'3  to  S'6;  therefore  the  medium  rejiislance  offered 
by  tendons  would  be  2" I.  The  rcHistauce  offered  by 
tiie  cartilages  of  the  ribs  varied  from  1"7  to  2*i; 
medium  =  2.  The  resistance  of  nerves  taken  from 
iho  brachial  plexus  wiui  1-9  to  2-4;  that  of  ilie 
sciatic  nerro  2'2;  medium  2*1.  The  eompflct  sub- 
stance of  the  bones  appears  to  conduct  Itl  to  22  times 
worse  than  tbe  muscular  substance.  It  is,  however, 
difficult  to  make  conclusive  experiments  as  to  the 
conductivity  of  the  bones,  because  the  bones  must  bo 
sawn  through  if  wo  wish  to  procure  pieces  fit  for 
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obserration.  If  this  be  done  witihout  using  a  fluid, 
the  small  qoaatity  of  liquid  contained  in  the  bone  will 
evaporate  from  the  surface,  in  consequence  of  the 
heat  produced  b;  friction ;  and  if  the  bone  be  sawn 
through,  the  eaifaae  being  continually  kept  moist 
with  the  white  of  an  e^,  it  might  be  feared  that 
the  amotmt  of  liquid  would  be  artificially^  increased. 

The  results  of  Professor  Eckhard's  researches  may 
therefore  be  tmramed  up  in  the  following : — 

The  resistHnee  of  muscles  is  =  1. 
of  raitilages    —  2. 
of  teDtlomt       ••  2'1. 
of  nprres         i  21. 
ofln.nes  -  19. 

These  numbers  correspond  with  the  amount  of  water 
contained  iu  the  animal  tissues ;  for  if  we  take  the 
medium  of  all  trustworthy  chemical  analyses  of 
animal  substances  which   have  yet  been  made,  we 

find  that— 

The  mutKlcs  rantHLn  76  pec  root,  of  mter. 
Thv  tendons  62. 

The  carlilagea  Sa'S. 

The  nerra)  62-5. 

The  bonrti  5. 

The  apparent  incongruities  in  the  numbers  may  be 
understood,  if  we  consider  that  the  conductivity  of 
tissues  is  not  exclusively  due  to  the  amount  of  water, 
but  also  to  the  quantity  of  salines  contained  in  them. 

Although  Eckhard's  researches  were  carefully 
made,  it  should  be  understood  that  their  results  can- 
not be  considered  as  final,  firstly,  because  he  did 
□ot  experitnent  directly  on  the  tissues  themselves ; 
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socondl}',  because  (lead  tiBBiie«  must  bare  a  difl^nt 
conductintl  power  from  living  oni>s;  and,  thmltyt 
because  tho  influence  of  polavimtion  was  not  tbo- 
rougblj'  avoided  in  liia  cxperiinont^. 

Du  Bois-RoyiRoiid*  wns  the  first  wlio  gare  bis 
attention  to  tbo  question  wliutbur  tbe  difforeot  oon- 
ditiona  of  living  mumcle  had  aajr  influunco  upon  its 
couduotirit}',  and  wbetber  thu  nogatire  rariation  of 
the  niUHcnlor  current  diEOorerod  by  him  htu\  lui^hing 
to  do  witli  an  alteration  of  the  resistance  of  uinscular 
fibre  when  coiitracied,  from  that  wkieb  obtnJtis  wlioii 
tbe  fibre  U  qnieHcent.  He  found  Ibat  dnring  con- 
traction tbero  vruis  increaMd  re^ixtance,  owing  to  tho 
alteration  in  the  shape  of  the  muscle  ;  while  if  tbia 
alteration  in  the  iihapo  wa^  excluded,  the  ooutraotion 
Becmod  to  bo  iiecom]>auiod  with  a  eligbt  diminution 
of  nrsifituncv. 

Dr.  RaJilcu,t  of  Municb,  hue  n.'oentIy  made  a  series 
of  experiments  on  the  resistance  of  muAcnlar  fibres 
which  hare  fpYon  aomc  interesting  resiiltj^.  He  uwd 
the  adductor  muack-s  of  the  frog's  thigh,  which,  as  tbcy 
cooaiat  of  tongituditiu3  librus.  du  not  evolve  a  current 
of  animal  electrici^  in  their  natonil  longitttdinal 
flection,  both  ends  being  at  tbo  same  diatance  IVom 
the  equator.  A«  it  appeared  fi-om  i)n  Uois-Kejntoiiirit 
otMHtrrations  that  ultomtions  of  shape  have  a  certaiu 
influence  on  tho  galranio  rceidtance  of  the  muscle, 
such  alterations  were,  aa  far  as  possible,  excluded  by 

*  t'ulmiKkungiu  uWlliitriwlielklriktncilit,  to),  u.  p.  ITt.   Brrlio, 
lUI. 
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n»in<r  tlio  "  muBCle-clamp."  Thia  U  an  ineitruiii(>iit 
conHtHting  of  two  bmnchox,  one  of  wliicb  in  iixod  on 
one  end  of  a  glass  rod.  whilu  tbo  otlit-r  lirajicli  is 
freely  morable  on  the  rod,  and  may  be  filed  at  any 
point  of  the  siune  by  meanii  of  a  screw.  Tbe  upper 
ptirt  of  tLe«c  branches  is  of  JTory,  and  the  lower  one 
of  bnuw.  Tfi«  ivory  is  smooth  and  thin,  and  has 
in  the  middle  a  small  excavation  for  receiving  tbo 
terminal  bones  of  the  frog'a  limb.  It  is  easy,  by 
meana  of  this  contrivanee,  to  gire  to  a  muscle  fixed 
in  it  any  <logT<>e  of  tension  which  may  be  required. 
The  otliLT  instruments  used  were  a  sin<?le  cell  of 
Daniell's  battery,  a  galvanometer  maltiplier,  a  rbeo- 
chord,  a.  rheostat,  and  unpolarisable  electrodes,  sncli 

[lU  are  used  by  Dti  Bnis-Heymond  in  his  eiperiments 

'on  animal  electricity,  and  which  will  b«  described  in 
the  aeetion  on  animal  electricity.  The  difficulty  which 
bad  alwaya  been  experienced  by  previous  observers, 

^of  giving  to  the  animal  tissues  a  stereometrically 
definite  shape,  ISanko  endeavoured  to  overcome  in 
(he  following  manner  : — The  elasticity  of  tbe  tissues 

{.allowed  him  to  draw  them  into  a  small  <;lass  tube, 
vrhicb  was  coinplet^-ly  filled  up  by  them,  the  terminal 
suriaces  of  the  preparation  being  made  parallel  with 
both  openings  of  the  tube.  By  thia  proceeding  he 
eould  not  only  give  a  definite  ahape  to  any  ti»sae, 
but  also  give  the  same  shape  to  all  sorts  of  different 
tisanes,  so  as  to  exclude  errors  which  would  otherwise 
necessarily  arise  from  measuring  the  dimenaious  of 
tbe  different  tisauea. 

I  i 
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Tlio  clitcf  results  of  Biinke's  observatioiu  are  the 
following: — Living  muscle  conducts  ;{,000,000  times 
worse  tlian  mercury,  and  about  US,000,000  times 
wor8«  than  «opper.    The  resigtuioe  of  den*!  muscle  lu 
vompured  witli  tivioj?  muscle  i»  iiis  5(>  to  100;  it  tliere- 
foru  coaductfi  1,6^0,000  timi-s  worsts  thuti  nierL'ury. 
and  64,400,000  times   worse  than    copper.      Tbia 
diminution  of  reaiitanoe  in  dead  muscle  is  owio^  to 
the  accurnuUtiou  of  certain  products  of  decompoai- 
tiuii,  the  mo«t  important  of  which  seems  to  be  lactic 
acid ;  for,  other  circumstances  being  equal,  an  acid 
muscle  naturally  conducts  better  than  one  which  is 
not  acid.     Boiling  dimiitiBheB  the  vesiatajioe  of  the 
muscniar  fibre  for  the  same  rooson,  and  coutmctton 
hss  the  same  influence.     Eckhard's  proposition  that 
t«ndouB,  cttililagee,  and   nerves   do   not  show   any 
considerable  diSerejioen  in  their  resistance  to  passage, 
Bhoold  be  ho  far  modified  as  to  express  that  all  the 
different  animal  tietsue^  show  only  very  slight  differ- 
ces  of  conduction,  tlio  vpi'Iurukis  ulonc  cxceptML 
With   rci^rd  to  the   conductivity   of  bonus,  the 
resistance  of  which  Eckhard  has  put  down  as  varying 
Irom  Itt  to  ii,  direct  obwrvatiouB  have  hitherto  been 
wanting.     I>r.  Friedleben,  of  F'rankfort,*  has  shown 
that  almost  all  ajialyses  of  bones  which  tiave  beon 
made  until  uow,  concern  only  osseous  tissue  which 
baa  boon  caretVilly  dried.     Indeed,  clienusts  as  welt 
iM  pathologists  and  liistologists  have  generally  coi 
■idercd  that  tho  quantity  of  water  in  bouos 


Vundirlich'k  AiK-hit.  ilcr  liiiikutnlc  ^ISUl),  p.  IM. 


4 


mxT.  t.] 


ItVNAMir   BI.KCTRICITY. 


t» 


■umethiug  acciilt^Dtiil  und  uniiuportaQt.  Their  anu- 
Iviies  Oierefare  teacb  oa  notliiiig  at  all  about  tlie 
mctonJ  eompositioi)  of  (usseoiix  tissue  in  tlie  Uviii); 
bod  jr.  NtMW  hoB  iiiffidentnlly  tiiont  innod  Uiat  the 
»Ten(;o  amount  ofwAtcr  i»  1li«  ribs  is  -IS'S  ptir  CL-nt. 
Becqu<^TL>l  fotind  in  tho  skull -bonfa  of  a  m'kety 
child,  who  had  died  of  pneumonia,  85-2  per  cent  of 
wat«r.  J.  Stark"  says  that  on  the  wliole  tlie  bones 
of  fislif*  contain  most  water,  inx.,  from  SO  to  80  per 
ivnt ;  that  the  bones  of  jonng  hinU  oontnui  more 
than  that  of  old  birds  (from  12  to  25  per  cent) ;  that 
the  flat  bonM  of  muniniulia  contain  gvncrallj  more 
water  tbau  the  round  bonee  uf  the  extremities  (the 
former  from  1 2  to  W,  the  tatter  from  :t  to  7  per  cent); 
that  the  more  spongy  the  substoaoo  of  bones,  the 
greater  is  the  amount  of  water,  and  that  as  fiur  as 
the  mammalia  are  concerned,  the  human  bon«« 
ntain  more  water  than  the  bones  of  nuj  other 
mnialia.  All  these  assertions,  bowever,  arc  con- 
trudicted  by  tViedleben,  who  haa  shown  that  several 
■uorcoa  of  error  an>  inherent  to  Stark's  method  of 
tnrestl^tion.  Hi-  jii«tly  contends  that  most  bones 
wbiuh  Uavu  liithtTto  been  analysed  were  not  fair 
vpedniPfis,  as  they  were  taken  from  pervoits  who 
bad  by  preTious  illness  suffered  from  more  or  leas 
oonaidi-nible  diirturbanoes  of  nutrition,  and  that 
eoosequvutly  the  chemical  composition  of  the  bones 
must  hare  been  altered  libewiae.     Ttiis  holds  good 

■  Chi^nJ  CoMlllMtM  «if  Ih*  Boom  oT  tli«  Vtrtvbnml  Aatmsb) 
■bsiBh  UM.  and  fmrg.  JouriuL  toL  IsuL  (IStli)  p.  SUS. 
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especially  for  jonng  people,  in  whom  tlie  eoin]K>8itioti 
of  bonM  appears  to  be  rapidly  affiictod  iriicncrvr  tlie 
natrition  of  thv  syettim  gvnvrallj  tuffun ;  in  rickfrta, 
for  iiiatiiiir<e,  tbe  aiuouut  uf  vrutvr  in  Uie  boDes  is 
greatly  iiicreiued.  Fartber  nbaervatioiiB  are  Uiere- 
foro  required  to  elucidate  tbe  coiiductiog  power  of 
bones  in  tbe  livinf^  Hiibjoct. 

The  qnestion  whetbcr  tbe  ^Inuiic  current  eanj 
saTely  transDiitted  to  tbe  nerrouH  ceutres  in  tbe  Hi 
loan,  will  be  discUBsed  in  a  Bubaeqaent  chapter. 


(B)  ELBCTBO-MAOjrKTiBic. — Phenomena  abc 
the  clufiu  rulutiou  tbut  fzist»  butwocn  electricity 
magnetism,  have  bran  ob<KTTL>d  ceutories  ago.  By 
Ibe  fall  of  lightning  uiRHflos  of  steel  and  iron  bare  beeu 
magnetised  ;  wuti'LcH  luive  been  8top)>ed  in  eouse- 
queucc  of  tlic  magneti^fttion  produced  by  lightuiu^ 
in  the  pieeeiH  of  steel  of  the  balance ;  tbe  ptdea  of 
mariner's  compasses  hare  been  rereraed  by  tbe  foil 
of  lightning  opon  ships — an  occurrence  which  haa. 
in  some  iuatttncea,  been  attended  with  fiitjil  re«alU  to 
■ailora,  who  being  ffuidod  in  a  contrary  directitm 
were  cast  upon  rocka,  from  which  they  thought  they 
were  receding  at  full  sail. 

]n  181D,  a  Duiiitdi  philosopher,  Oersted,  made  the 
first  aciontifie  ubservution  on  the  action  of  elee- 
trici^  opon  a  magnet.  He  found  that  when  the 
two  poles  of  a  giJvanic  batteiy  aru  united  by  a 
metal  wire,  placed  closuly  abore  or  below  a  mog- 
netiaed  needle,  tbe  needle  iiuuicdiately  snBFers  a  iU- 
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flection,  the  extent  of  which  is  directly  proportional 
to  the  power  of  the  batterjr,  and  inversely  propor- 
tional  to  the  distance  between  the  needle  and  wire. 
The  needle  tends  to  place  itself  at  a  right  angle  to 
the  conjunctive  wire,  and  succeeds  in  attaining  this 
position  when  the  current  of  the  batteiy  is  powerfol 
and  the  needle  very  near  to  the  wire. 

Attatic  Needle.—-  Ampere  then  drew  the  attention  of 
natural  philosophers  to  the  fact  that  the  terrestrial 
magnetism  prevents  the  ma^etised  needle  &om  en- 
tirely obeying  the  action  of  the  current,  as  that  influ- 
ence continually  tends  to  reduce  the  needle  to  the  plane 
of  the  magnetic  meridian.  To  obviate  this  inconveni- 
ence he  constructed  the  so-called  astatic  needle,  com- 
posed of  two  magnetised  needles  placed  in  a  parallel 
direction,  whereby  the  influence  of  the  globe  is  more 
or  less  counter-balanced.  But  the  two  needles  can- 
not, under  any  circumstances,  be  perfectly  alike,  nor 
placed  in  two  directions  exactly  parallel,  nor  possess 
absolutely  the  same  quantity  of  magnetism ;  and 
therefore  the  globe  will  always  exercise  a  certain 
amount  of  action  upon  the  astatic  system.  But  the 
effect  of  an  electric  current  is  certainly  much  stronger 
upon  a  double  than  upon  a  single  needle ;  and  a  very 
feeble  current  which  is  not  able  to  deflect  the  latter, 
will  produce  a  marked  effect  upon  the  astatic  system, 
especially  if  the  wire  by  which  the  current  is  trans- 
mitted be  bent,  so  that  it  is  no  longer  above  or  below 
the  needle,  but  forms  two  parallel  branches,  between 
which  the  needle   is  suspended ;  it  being  of  course 
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necestiajy  that  the  current  should  not  be  allowed  to 
|)ftRB  from  one  coil  to  the  other,  which  ta  prevented  by 
eoTeriug  the  wire  with  lui  iiiitulatitig  envelope  of  silk 
or  gut(«  jHiriihii..  I  f  then?  he  two  stich  eoil»,  the  ncl  ion 
of  the  currC'ut  upon  the  nvt-dlu  is  twice  lu  powerful  an 
if  the  wire  had  been  only  above  or  below  the  needle, 
and  each  further  convolution  of  the  wire  will  propoi^ 
tioBat«ly  increafle  the  action  of  the  current  upoii  the 
needle.  Tlii»  principle  has  been  applied  to  the  con- 
stmction  of  the  (^iilviuionietcr  uiultiplier,  which  was 
invented  by  M.  Schwvi^er,  and  firat  employed  iu 
eleobro-physiolu<fical  i't.-?ie;i.rchi-s  by  M.  Nobili.  Du 
BtUB-Beymoud  Uuh  constructed  multipliere  of  the 
utmost  sensitiveness  (with  more  tbftii  24,tH)0  convo- 
lutions),  by  meanit  of  which  he  wiui  enabled  to  detect 
the  prenence  of  electric  currents  in  almoHt  nil  the 
tissues  of  the  living  animal  body. 

Soon  after  Oersted's  dieeoverj  had  b«en  mode 
known,  Arago  found  that  the  electric  current  im- 
pitrted  a  stnmt;  »iii<;iR-tie  force  to  pieou*  of  tioJl  iron, 
steul,  uiid  other  niui^netic  botliot,  which  did  not 
possess  it  previoasly.  lie  saw  that  when  a  One  iron 
wire  was  travenied  by  the  cnrreut,  it  acquired  the 
pmiK-rty  of  attracting  iron  filings,  which  dropped 
u;;uiii  lui  soon  as  the  current  (Vtuii-d  to  piuut.  Aro^o 
sucoeudod  likewiso  in  magnetising  needles  by  dis- 
charges from  a  Leyden  jar.  He  showed  that,  if  a 
copper  wire  covered  with  silk  or  gutta  percha  be 
coiled  round  a  bar  of  soft  iron,  and  au  electric  cur- 
rent be  inado  to  ]»IS9  through  the  win.>,  the  Mft  iron 
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beooines  a  powcrftil  mn^et.  Such  tcmpomrf  mag* 
nets  are  IvrmcA  elt^lro-maipteh,  in  onlcr  tx>  dUtin- 
gaisli  them  from  pcruinnciit  niugiK>t«  r>f  Htcch  S«ill 
iron  is  rapidly  otagnetiBod  and  dL-mi^fnctiMd  bj  an 
electric  cummt.  In  order  to  allow  tbo  mugnctio 
power  produced  in  tbe  soft  iron  bv  the  passage  of  an 
deotric  current,  the  bar  sbonld  be  sbftpe*!  like  a 
lion^sboo,  the  poleii  of  such  a  magnet  bi-iiig  very 
near  to  each  other. 

Indtu:tu»tCnmnit, — Science  had  adranced  tlma  far 
when  Faraday  discovered,  iu  18H1,  that  a  galroiiic 
current  in  able  by  induction  to  develope  electric 
currents  in  eonductJng  wires.  Thin  in  prOTi-d  by  tho 
following  experiDjents : — Two  conducting  wlrea  are 
placed  oD  an  insulating  plane,  parallel  with,  and  veij 
near  to,  each  other ;  the  two  ends  of  the  first  wire  arc 
then  connected  with  the  poleti  of  a  galvanic  battery, 
and  tho  two  ends  of  the  itecoud  wire  with  the  cxtri'mi- 
ties  of  a  galvanotueter  mulltpUer,  in  ordL-r  to  enable 
na  to  adcertain  tbe  elcctnc  movement  in  the  wire  by 
thedeBectiou  of  tJie  needle.  At  the  moment  when  the 
i-iirrcnt  of  tlie  buttery  i^t  nimle  tii  [lass  through  the 
Hmt  wim.  the  needle  of  the  multiplier  coinmmiiciiting 
with  the  second  wire  ia  dcBected,  then  suffera  some 
oscillatioDB,  and  finally  returns  to  rest,  which  remains 
lUidiaturbed  so  long  as  the  current  of  tbe  battery 
oontinnM  to  poaa  throagh  the  wire.  But  as  soon  as 
th4i  communication  between  the  battery  and  tbe  first 
wire  is  interrupted,  the  needle  suflers  another  do- 
flection  in  a  contrary  direction  to  that  in  wbicb  tb«' 
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former  had  occurred.  From  ihis  it  ap]>eais  that  the 
galTonic  ciuretit  which  txareroefl  the  first  wire  ileter- 
itiiiies  in  tlie  second  wire  an  iiistantanooits  current  at 
the  nionicnt  when  it  begins  to  circuliitc-,  und  anuther 
equttUj  iiutantanouus  current  at  tiin  moment  when  it 
ceues  to  pus.  The  multiplier,  however,  indicates 
not  onl;  the  exifitence  of  auch  inBtantaneous  currents, 
bat  also  their  direction;  showiug  thut  the  current 
induced  in  the  second  wire  on  makiny  the  circuit 
flowA  in  u  direction  contrary  to  thut  of  the  current 
of  iho  battm',  while  iJtc  direction  of  the  current 
induced  in  the  ttvcontl  wire  on  brcttkina  the  cirpuit  is 
equal  to  Uiat  of  the  current  of  the  huttury.  We  may 
uotably  increase  the  intensity  of  these  instantaneous 
currents  bjr  employing  two  copper  wires  of  givat 
length  covered  with  silk  or  guttu  pi-rclia,  and  I'oUed 
round  a  wooden  cyliudur  or  bobbin,  so  as  to  form  two 

coils,  the  convolutions  of 
those  wires  being  a»  ntiu 
to  eaeh  other  us  possible. 
The  intensity  of  induc- 
tion currents  is  farther 
increased  by  introducing 
into  tlie  carity  of  the  bob- 
bin piccuK  of  soft  iron, 
which  become  magnetic 
under  the  influence  of 
the  battery  current,  and  thereby  produce  other 
electric  currents  in  the  two  wires.  The  currents 
produced  by  Utc  magnetism  of  the  soft  iron  are 
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eqaallj  iostantaneoita  as  Uie  correnU  developed  by 
the  inducing  curreat  of  the  batterr.  They  are  not 
prodnoed  whilst  the  soft  iron  is  magnetic,  but  only 
at  tlie  luoment  when  it  acquircH  aud  loKOS  iU  mMgiuA- 
inn.  Therefore  tlie  demaffnetimtioD  of  Uie  Koft  iron 
hu  tlie  Mme  offt-ct  as  brt'ulcinfr  thf  ourrent  of  the 
IwUerj,  in  the  production  of  an  iustantuuuoiis  in- 
duced current 

The  power  of  tlie  electro-iuaguet  to  increase  tlie 
intensity  of  induction  curreiit^  diflbrs  nccordiug  to  the 
Bhape  aud  (juuntily  of  iroii.  It  i»  Hiifficient  for  pro- 
ducing a  remarkabU<  effect,  to  haw  a  single  piece,  or 
n  hollow  cylinder,  of  soft  iron  round  which  the  copper 
wires  are  coiled,  but  the  effect  is  iucreaaed  if  we  take 
a  bundle  of  iron  wires ;  and  yet  niore,  if  these  wires 
un  insulated  from  each  other  by  a  layer  of  ramiah. 
It  wae  formerly  beltered  that  the  increaised  effect 
wsa  due  to  thu  circunistauce  that  the  iron  wiriis  are 
BofU'r  than  ii  Hulid  cylinder,  and  Oicrvfore  would 
'  lieoome  more  8tron{;ly  nmgnetised.  But  it  bus  been 
proreil  by  the  reaearches  of  Profesuir  MagnuB,  of 
Berlin,  that  such  is  not  the  caae,  llie  luiiguetisni  of  a 
solid  cylinder  being  oquiUIy  powerful  with  tluit  of  a 
bundle  of  wins  of  tlie  same  volume ;  and  tliat  tLe 
increased  effect  is  due  to  the  bundle  of  wires  oonduci- 
ing  less  well  tlian  the  solid  cyUnder.  If  the  poles  of 
the  battery  are  in  connection  witli  tlie  coil  of  wires,  in- 
atantnnootu  currents  are  produced  in  the  ceutnl  soft- 
iron,  oa  well  as  in  the  wires  that  are  coiled  rouud  it 
Von  the  current  produced  in  the  soft  iron  on  briMik- 
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iog  llie  circuit  retards  notably  the  denuignotisRtJon 
of  the  soft  iron  ;  th«  niftgnvtistii  of  the  aotl  itxiti  will, 
therefore,  dimppvar  much  more  caeHj  und  inpidlj  if 
the  production  of  curreDta  in  the  eoft  iron  is  pre- 
vented as  much  as  poRsible.  The  more  nipid  the 
dctD«gn«ti«atiuii  of  the  ftoft  iron,  tlie  more  notiLble 
will  he  it«  inducing  efToct.  It  is  clcnr  tliat  ctcctiie 
cun^'nts  will  be  most  eaiiilj  produced  in  a  solid  bar  of 
soit  iron,  less  easily  in  a  bundle  of  iron  wires,  and 
least  easily  if  tbeae  wiraei  are  insulated  br  vnmisli. 

Profciwor  Dove,  of  Berlin,  has  shown  that  the 
intensity  of  an  induced  vurrent  is  very  mnob  dhnin- 
ished  by  covering  the  electro-magnet  with  a  closed 
tobe  of  a  non- magnetic  metal  (bnuiB  or  copper).  Thifl 
is  duo  to  the  dcvtilopmcnt  of  induced  cunvnts  in  the 
metal  tube,  whi-reby  the  effect  of  (Ik-  in:i'n>ctiHin  in 
the  soft  iron  is  connti-Tbaluneed.  lliu  tiibu  doi-ti  not 
prevent  tlie  action  of  the  cnrrent  upon  the  galvano- 
meter, but  it  greatly  diminisbes  the  magnetiBing  aa 
irell  as  the  phyaiolotpcal  effectit.  FVoni  tliin  it  followa 
that  a  motnl  tube  covering  tliu  ck-ctro-magnut  may 
be  employed  aa  a  regulator  of  tlie  intensity  of  th« 
onrrent  in  physiology  and  therapeutics;  and  that 
the  galvatiotiieter  does  not  indicate  the  intensity  of 
the  phyitiologicaJ  effects  of  induction  curronta. 

The  first  wire  of  the  bobbin  of  induction,  the  ends 
of  which  are  connected  with  tLe  polea  of  the  battery, 
is  comparatirely  short  and  thick,  a8  the  itiducing 
current  of  Uie  batterj-,  wliicb  i»  propagated  in  it,  is 
generally  tbat  of  a  xinglc  pair,  and  the  resistance  of 
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the  conducting  win  mtut  be  slight,  if  a  powerfal 
olcctro-magnet  is  to  be  produced  bv  the  ciirpcnt. 
But  in  the  short  and  tlitck  wire  wo  linre  not  only  Uic 
inducing  cnrrent  of  the  battery,  but  another  cuirent 
which  ia  mucli  8irong«r,  and  is  deTeloped  by  the 
mntunl  octiun  of  the  oonvolutiona  of  the  short  and 
thick  wiru  upon  each  other — an  effect  which  only 
telUB  pkoe  if  theae  conrolutiona  are  very  near  to 
e&ob  other;  thej  therefore  serve  at  t]ie  same  time  a» 
iudticin^  l>oily  and  as  induced  body.  Tliia  current, 
which  haH  been  terucd  extra-cHrmil  by  Famday,  is 
produced  not  only  when  the  circuit  is  broken,  but 
also  at  the  moment  when  it  is  estAblished.  Its 
dinn^iioti  is  conlntry  io  that  of  ttu.^  current  of  tlte 
batterj'  on  cloaUi^,  and  equal  to  it  on  opening  the 
circuit.  Its  energy  is  also  notably  uicreased  by  tlio 
presence  of  soft  iron  in  the  interior  of  the  bobbin ;  it 
ts  cupiible  uf  deflecting  tlio  needle  of  ft  galTanomct«r, 
it  produces  sparks,  shocks,  nod  hcftt,  and  ducouiposeB 
water.     The  extra-current  in  due  to  induction  by  it« 

I  owu  convolutions  and  by  the  tempontry  magnet ; 
while  tli«  current  induced  in  the  second  wire  arises 
from  imhurtion  by  tlie  current  of  the  battery  and  by 
the  electro- magnet. 

It  upi>i-.tni  from  the  reecorchet  of  ta  American 
philosopher,   Hr.    Henry,  of-  Prinootown.   that   Ihe 

'aetioD  of  induction  is  not  confined  to  two  coils ;  but, 
that  a  current  iuduced  in  the  second  wire  may  again 
induce  another  current  in  a  Ihinl  coil,  if  this  be 
pbiced  near  to  Uui  socuud;  that  Uie  current  produced 
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In  tlie  third  wire  maf  give  rise  to  a  current  in  n 
(borth  coil,  etc.  Mr.  Heur}-  has  alno  endeavoured  to 
d«b>riDLue  tho  (]ire«tion  of  these  induced  current*  of 
the  second,  third,  and  fourth  order,  BJid  found  that 
if  the  current  induced  in  thct  second  coil  be  positire, 
tiiat  induced  in  the  third  wire  would  be  positiTe 
o^iii,  whilst  that  induced  in  the  fourth  would  be 
nt^'^tive,  tliat  in  t]ie  fifth  positive  H^nin,  etc. 

The  int4.-n8itj-  of  indoccil  current*)  dt']>cnd8,  in  tho 
firet  place,  upou  tlie  intensity  of  the  inducing  current 
of  the  battery ;  if  this  be  feeble,  it  will  not  be  able 
to  detelope  a  powerftil  magnetism  in  the  soft  iron, 
and  the  oxtm  current,  as  well  as  the  current  inducedi 
in  the  Becund  wire,  will  be  of  low  tenaion.  It  depends  1 
besides  upon  the  truosverse  section,  and  the  number 
of  convolutions  of  the  wires;  the  intensity  of  the 
current  being  directly  proportional  to  tlie  number  of 
eonvolutions  and  inversely  pi-o[>orti«>nal  to  tlie  dia- 
meter of  the  wire;  the  current  will,  therefore,  bo 
stronger  in  proportion  to  tho  lunf^h  and  fineness  of 
the  vrire.  FinnJly,  the  intensity  of  the  induced  current 
depen<l3  upon  the  quantitT,  and  the  more  or  lees  insu- 
lated state,  of  the  soft  iron  in  the  centre  of  tho  bobbin. 
An  induced  current  diifers  from    a   oontinuooaJ 
^Iro-nic  current^  in  the  First  place,  by  its  boiii|>  in- 
Ntantaneous.     To  this  circuinstanco   is  due  the  re- 
markable physiotogicsl  eSoct  of  the  induced  current, 
eaiieeially  upon  the  motor  nerves  and  mosclea;  a«4 
we  shall  see  hereafter,  that  motor  nerves  nn<l  inusclra 
uru  not  excited  by  a  du»ed  circuit,  but  by  variations 
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in  the  density  of  the  ctirrttiit.    On  the  other  hnnd, 
in<)iKtioii  ciim>nt«  dJflV'i'  ^m   the  contiiiuutia   ga\- 
mnic  current  in  so  far  aa  the  direction  of  the  latter 
is  ii3«uj8  the  same,  wbiUt  tlie  former  move  alter- 
uKtel;  in  different  directions ;  indeed,  the  dcfloctioas 
of  tho  miiKnctised  neodUt  slion  that  the  c-nrrent  in- 
duced in  tiie  second  wire,  on  viosinff  tho  circnit  of 
the  battery,  has  a  direction  oontrarj-  to  that  of  the 
current  iudnced  on  opening  it.    This  rircunistuioe 
givus  riw  to  IL  peculiarity  in  the  chemical  a<^ion  of 
the  indnc«d  current.     We  have  stcen  that  when  water 
is  decomposed  hj  a  continuoiw  gBWanic  current,  the 
hydrogen  appears  inroriably  at  tho  negatire,  and 
tlio  oiygen  at  the  posittve  pole.    But  such  is  not  tlie 
c»we  if  we  decouijfoso  water  by  induction  ourrents; 
for,  as  each  wire  altemiitt-ly  servca  us  the  poeitire 
nod  uegnlive  pole,  both  hydrogen  and  oxygen  appear 
at  eithur  of  tJie  i»le«  i  the  gasee,  therefon>,  represent 
an  exploeiTc  mixture,  luid  if  the  itiduetion  ciirrontB 
Hiccecd  each  othi^-r  very  rupidlr,  Imth  gUMs  ap]>earing 
dimultaneonsly.  and  both  being  in  the  naacent  state, 
they  immediately  combine  again  to  form  water,  so 
that  the  wutiT  is  apparently  mtt  at  all  decompo«od 
by  the  induced  current.      If  platinum  plates  be  iui- 
uiersed   in    water,  and   induction   current*   be  sent 
thnnigb  tlieiti  in  rapid  succession,  the  water  is  de- 
composed and  oxygen  liberated  ;  this  nascent  oxj-gen 
producos  oxidation  of  the  pktiimm ;  but  oxide  of 
platinum  is  immediately  aft<.Twar<]s  reduced  to  me- 
tallic platinum  by  the  mueeut  hydrogen,    Thutt,  a 
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BCn««  of  oxtdationg  aut)  reiluctioiia  toJces  plftcc  ia  the 
mvtAl,  in  ooDsequeiico  of  wbiclt  the  plutiniim  pUtes 
bccomo  at  laiit  cororuJ  with  a  blaclc  powder,  which  is 
fineljnlirided  metallic  plutinuirt.  Another  experituent 
to  show  tha.1  induction  currents  move  altenuUelj-  in 
different  directions,  is,  to  bring  a  solution  of  KKltde  of 
potftMiDRi  and  starch  into  the  circuit ;  the  blue  colour 
indiciLtint^  thv  liberation  of  io<]ine  will  then  sliurtljr 
apptiax  at  either  of  tlio  j>ule8,  whilo  if  vra  cjinsu  that 
decomposition  by  the  continuous  galvanic  current,  the 
bine  colour  is  only  noticed  at  the  positive  pole. 

It  would,  therefore,  appear  erroneous  to  fipettk  of  i 
ponuunent  poaitive  and  negative  pole  in  an  induction^ 
apparatus  employed  for  physiological  or  therapvu- 
tical  purposes.     Such  i«,  indeed,  the  opinion  of  tJie 
author  of  a  celebrated  treatise  on  the  phvsical  pro- 
perties of  electricity,*  who  explains  the  difference  io 
the   therapeutical   and   physiological  action  of  tlie 
extra-current,  which  he  considers  as  produced  on]/ 
on  breaking  tlic  circuit,  nnd  of  the  current  indue 
in  the  second  wire,  partial])'  by  the  ctrcunistancc  I 
the  extra^current  always  moves  in  the  same  direc- 
tion, whilst  the  current  indnced  in  the  second  wire 
alternately  moves  in  contrary  directions.     But  M.  dej 
la  Rive  seems  to  have  disregarded  the  fact,  that  tho^ 
physiological  effect  of  the  cztra-eurrent,  aa  well  us 
of  the  current  induced  in  the  second  wire  on  cUamg 
the  <urcuit,  is  ecajcely  perceptible ;  while  it  is  very 

■  A  Trmlur  on  t^lccU'icity.  in  Tlicory  ukI  Pmcticc,  lijr  )[.  A.  de  Iftfl 
JUra.    TtuuUloJ  by  Chnrin  WallMr.    LiMKiud.  KM.     VoL  iil  ]s  Mlt 
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fowerful  on  opening  the  circoit.  We  are.  therefore, 
allowed,  if  ve  employ  inflnctioii  c»rreiit!i  m  [tliyxi- 
ology  and  therapeutioa,  to  tatcv  into  luoount  invrviy 
the  cnirent  induonl  on  (iponin|>  the  circuit,  which 
ha«  A  direction  equal  to  that  of  tho  inducing  current 
of  tlie  battery.  • 

We  have  now  considered  in  their  principoJ  features 
tha  phenomeiiik  of  induction  brought  about  by  voltaic 
elvotricity,  and  proceed  to  take  a  short  glance  at 
Fatnday's  discorery  of  electric  currents  indiic«<l  by  a 
permanent  inaf^ct  of  steel. 


(C)  Uagxsto-Glkvtricitt.  —  If  the  pole  of  an 
onlinary  magnet  be  approached  to  one  of  the  ex- 
tri'inities  of  a  oopp«r  wire  corered  with  »ilk  or  {n>tta 
pCTrba,  and  coiled  round  a  wooden  cylinder,  the 
DMdle  of  a  (lalninometer,  communicating  with  the 
mdii  of  this  wirv,  is  immediately  seen  to  siifTer  a 
deflection.  As  long  as  the  magnet  remains  in  the 
same  position,  the  needle  is  not  fbrther  disturbed  t 
hut  as  aooD  aa  the  magnet  is  withdrawn,  another 
tIcfieoUcin  of  the  u«e<Ue  talcea  place,  which  indicates 
th«  exiiitenoe  of  another  inittHUtaneous  current  pro- 
duced in  the  wire,  and  moving  in  a  direction  contrary 
to  the  first.  The  current  produced  by  a  permanent 
magnet  of  ateel  is  called  the  magneto-eUftrie  current, 
in  order  to  distinguish  it  from  the  eUetro'Viat/netie 
eorrent  indncv<l  by  voltaic  electriei^.  F4»  ^o- 
ducing  a  sucoe«8ion  of  such  cnrrenta,  the  magnet 
must  be  continually  approached  to,  and  withdrawn 
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from,  thtf  Hpiralti  or  ilio  wirvs.  To  vB'mI  a  very  rapid 
BUcce«8ioii,  Uie  porinunGnt  magnet  u  not  inadu  to  act 
immediately  upon  the  wires,  but  an  armature  of  soft 
irou,  faaring  the  form  of  a  borae-sboe,  is  Bum>uri(le<I 
by  the  wires,  and  set  in  rotation  before  the  two  |KiIei* 
ofn  tizL-tVpermaiiieiit  magnet^  hy  iDOuns  of  a  wIicl-I 
eonnoct«(l  witli  on  endl««H  oord.  By  each  torn  of  the 
wheel,  th<>  two  brouvbc8  of  tlie  armature  uv  mode 
to  puss  before  the  poloe  of  tbo  peruianent  magnet ; 
at  each  passage  tbere  is  mognetUatiun  and  deuiague- 
tisntion  of  tbe  soft  iron,  and  an  electric  cun-ent  iit 
produced  by  the  sudden  change  in  tlie  magnetic  stutt- 
of  the  nrraature  iit  tlic  monient  when  it  is  approached 
to,  and  when  it  is  withdrawn  &om,  the  magnet. 

Tbe  intensity  of  the  magneto-electric  cui-rent 
dei>eud8  upon  the  power  of  the  permanent  magnet ; 
upon  tlic  number  of  oouvolutions  and  the  diameter  of 
the  witv  coiled  round  tbe  armature  of  soft  iron ;  on 
the  distancu  of  tbe  armature  from  the  poles  of  the 
mitgnet ;  and  finally  on  the  velocity  with  which  the 
wheel  ia  turned.  Tbe  physiological  effect  is  pro> 
duced  on  breaking  an  well  a^  on  making  the  circuit; 
in  the  former  case  the  effect  U  stronger;  but  tbe 
difference  is  not  do  great  wi  with  the  current  induced 
by  voltaic  electricity.  If  we  wish,  therefore,  to  avoid 
the  continuous  change  in  the  direction,  and  to 
u[)erate  with  a  succession  of  currents  all  guided  in 
the  saiitc  tlirection,  ive  may  employ  a  wheel,  tlie  ti>?th 
of  which  are  alternately  of  metal  and  ivory,  so  tlui.t 
only  one  of  tbe  two  induced  currento  which  arv 
produced  is  collected. 
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DtrirtJ  (jHtrvnl*. — PiitiUlj,  a  few  worcU  upon  the 
of  the  term '  ddrived  current.'  If  in  a  closed 
'circuit  two  points  are  ooanected  by  an  ailditional 
oinductor.  a  portion  of  the  curr«nt  is  drawn  off  or 
*  dorivod  '  by  the  loiter.  The  ciirrunt  as  it  existed 
befcwe  the  derivution  wiu  OHtabligh«d  is  termed  the 
primitiTe  corrent ;  the  additional  conductor,  deriva- 
tion wir«> ;  and  the  portion  of  the  current  that  paages 
liy  this  wire,  tlte  derived  current.  The  intensity  of 
a  dL'rivL*d  current  is,  of  course,  always  infinitoly  morv 
feeble  than  that  of  tli^  primitive  current. 
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tlAte  (a  not  possible  withoat  u  continuous  distiu-b- 
06  tuicing  place  in  tbo  equilibrium  of  the  molecnlee 
of  Uiv  body ;  luid  as  cverj'  sucb  disturbance  is 
ucoompauicd  with  a  lib^^'ration  of  electricity,  the 
existence  uf  electric  currents  in  the  animal  body 
d*iring  lite  appears  a  necessity. 

That  eertsin  fislies,  when  touched,  give  shocks,  was 
alr«udy  known  to  the  Romans,  who  employed  them 
tor  the  core  of  h4.-nduclK's  and  gout.  The  beat  known 
^■■Jnon^  these  6shes  aro  the  Torpedo,  or  thctrie  ray ; 
tbe  (Ji/titttotat,  or  tlectrU  «i( ;  and  the  MalaplerHrus,  or 
^ioflric  ahad.  The  Torpedo  is  frequent  in  the  Medl- 
tMTvDoaii,  and  has  been  exajiiined  by  Dr.  John  Da,Ty,* 
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Hattouci.*  Ki>l1ilccr,t  and  Max  Schultsp;*  the 
Gyinnotiw  U  tu  be  found  in  Surinam,  in  the  ponds  of 
Beta  and  Riutro,  and  huM  become  known  chieBj  by 
the  graphic  descriptions  of  Baron  Huniboldt,^  and 
the  able  researches  of  Professor  Faradav ;  1|  while 
the  structure  and  pro[)ertiefl  of  tlie  Holaptemnifl, 
which  18  found  in  the  Nile,  huve  becu  inT««tigat«d  bjr 
Bilharz*!  and  Max  Schultice.** 


Fig.  15. 

If  an  electric  fish  be  touched  at  anj  port  of  it« 
body,  especially  at  the  fins,  it  gives  a  violent  shock, 
analogous  to  that  yielded  by  a  Loyden  jar.  In  order 
to  experience  the  shock,  we  may  tonch  tlie  fish 
either  with  the  band  or  with  a  good  conductor  of 

*  &■>!  tax  Ion  pliJDOmJ'iiiw  ^tn'iricjui*  4c>><  lUiiiuiMu.    ^tru^  IM0. 
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.»viricit)-,  sucli  lu  a  m«t«l  rod.  The  discbuiges  mm 
(Itfitiscd  to  a  cuQsiderable  distance  in  the  liquid 

which  the  lish  is  contained  ;  but  if  we  touch  the 
bv  gluss  or  nmiii,  no  §hock  i»  porouired. 

The  electricity  jiroduced  hj  tliCM  luiiuials  pn>8de8»M 
uU  the  ptopertii-«  of  elwctricity,  auch  as  we  developtr 
it  b^  ftrtifipial  uioana : — It  exercixes  attruc-tivv  aud 
tvpulsiTB  powers ;  the  sparks  drawn  from  thi>  fish  are 
Htfleient  to  melt  the  leaflets  of  the  electroscope ; 
ttevl  ui'calk'8  and  sotl  iron  may  be  nioi^etised ; 
wKter.  nitntto  of  silver,  iodidu  of  pototuginm,  may  be 
deooniposed  by  it ;  luid  the  needle  of  a  galranometer, 
when  brought  into  tlie  circuit,  suffers  a  considentblt^ 
defleotioii,  by  which  we  are  enabled  to  determine  the 
dirwction  of  the  current.  The  qnanti^  of  elec- 
tricity liberated  in  theae  fishm  is  in  direot  propoi- 
Uoti  to  the  enei^y  of  circulation  and  respiration  in 
thv  aninuils.  AfYvr  tiiey  hitve  given  nuuierous  luid 
pifwt'ri^l  shocks,  they  n^uiru  rest  and  nourishment. 
in  onlur  to  enabli-  them  to  store  up  again  u  new 
amoont  of  galvanic  force. 

The  discharges  are  voluntary  and  entirely  under 
the  eont«>ol  of  the  fish,  just  aa  tbe  squirting  of  sepia 
1W>m  the  cuttle-fish  j  wnd  they  are  given  in  any 
ditvction  the  fish  may  d^-sire.  If  inetaU  be  placed 
ui  the  vessel  containing  the  fish,  the  latter  I>ecotnea 
extrviuely  excited,  and  uttempta  to  bite  tliera. 

It  wems  singular  thnt  the  fish  should  not  bo  in- 
jtind  by  its  own  sboclu.  According  to  Du  Boift* 
Reymond*a    observatioDS,    the     Malapterurus   even 
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po*M»Oi  It  ecrtitin  inmnmitvntTHtnKteWtricity  foreign 
to  itaelf :  ni-vi-rtlielesg,  the  liah  eeems  to  resent  strong 
shockB  which  ore  applied  to  it,  and,  in  order  to  avoid 
them  08  inach  as  po«iubIe,  it  plnoL>R  it«elf  nt  the 
greatest  disianco  aUoinahlt)  TrOTii  thi-  elwtrodes,  ut  a 
point  whi'iv  the  density  of  the  current  is  least  oon- 
sideTBble.  ^viag  at  the  same  time  shocks  of  it*  own 
in  self<defence. 

TorpinJu.— The  electric  ray,  which  is  gooorally  of 
inconsidcmblv  »ize,  posaomea  a  peculiar  organ,  by 

which  the  electricity  is  produced. 

Thi«  consists  of  small  membmnous 
^TW  M  ■  Mim    primus,     pocked    n»e    against    the 

other,  liki-  the  colls  of  a  honeycomb. 

Thene  prisms  are  dirided  by  hori- 

tontnl  diapfaro^rms  into  small  cells, 
which  are  GUed  with  an  albuminous  fluid.  It 
is  iiiipoft^ible  not  to  be  stnick  by  the  close  re«em- 
bliuici}  between  this  nrmngetnent  of  the  elootric 
orgao,  and  that  of  the  voltaic  pile;  indeed,  the 
electric  organ  of  the  Torpedo  constitutM  a  veritable 
pile,  forming  a  i«rieii  of  solid  diaphragms,  positive 
on  one  of  tJieir  surface*  und  negative  on  the  other; 
a  oondncting  olectrolytio  liquid  bving  interposed 
between  the  diaphragms. 

Max  Schultzc  discon-rvd  that  the  reaction  of  the 
electric  organ  of  the  living  Torpedo  is  acid.  It  ia, 
however,  not  yet  known  whether  it  is  always  acid, 
or  ordy  so  aft«r  the  fish  has  become  exhausted  by 
violent  discharge*  of  electricity. 


fig.  10. 
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The  oells  of  the  electric  organ  ore  traversed  bjr 
iiURM'H^iis  nerrouB  filantenta,  ariHni^  trmxi  four  liirgti 
iivrre-lTunks,  wliioli  take  their  (tri^iii  from  Wiv  fourth 
lobo  of  the  brain,  in  which  ihv  clt-ctric  powi-r  resides. 
When  this  lobe  is  irritated,  powerful  dischnrge^  fol- 
low, even  if  the  animul  be  to  hJI  appeaj-unce  dead  ; 
ibiit  is  t4)  say.  if  bj  cutting,  pinching,  or  ac|ueeziti{; 
it,  no  more  lahockH  or  movements  can  be  prodncetl. 
When  tlie  lobe  biis  been  deBtroye<],  the  electric  diH- 
•*hurui-«i  ceiim.'  iwion  nfterwKnU;  Ibey  cense  lik«nvisi> 
when  the  connection  between  the  brain  and  tlie 
organ  has  been  interrupted  by  division  or  ligature 
of  t}u>  nerTeti,  although  upon  irritating  the  deli- 
cate nvr^'otiH  tiUiuentii  animating  the  oi^n,  electric 
effect*  may  stilt  be  ubtuincil  80Uie  time  after  thut  oon- 
nectioa  bafl  been  deiitroyed.  The  terminal  brancheo 
af  the  nerrea  are  very  pale  and  slender ;  tbey  anaa- 
tVDtoKe  in  all  directions,  and  form  a  delicate  net- 
work, wbioli  i.t  destroyed  by  almost  all  chemicals 
which  are  employed  in  microscopical  ol^servations. 
The  richness  and  density  of  this  network  hiu  sn 
important  bearing  upon  the  explanation  of  the  func- 
tion of  the  electric  organ.  The  (.•loctric  action  dis- 
^|wiin  fortliwith  wlien  tbe  albumen  co»taiiie<l  in 
the  cell*  of  tlie  oi^^  ia  artificially  coagulated  by 
loiitin)^  or  by  tlie  applicjilion  of  ucidsf,  bnt  aa  long  liS 
the  albumen  rcmitiiia  Hiiid.  shuckx  will  be  |N*rceive<1, 
even  if  the  organ  be  lacerated. 

When  tlte  Torpedo  is  Ireab,  sboelcs  are  felt  whervver 
the   animal   ix   tnnched ;  but  when    it   has  become 
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wvar)-,  aiid  prepmred  frog'a  limbs  lu-e  tlien  j^aocd 
upon  (liflvn'iit  points  of  its  bodj^,  it  is  emsy  to  pcr- 
MHTO  that  onlj  those  UmbB  suffer  cominotioiu  wlucli 
are  in  oootoct  with  the  port  of  the  shin  cones- 
ponding  to  the  electric  organ.  Tlie  direction  of 
the  current  is  from  the  back  to  tlw  bi-Uy  of  tlie 
animal ;  thv  upper  surface*  of  the  prismx  being  all 
cbarged  with  poeitJTe  olectricitjr,  the  lower  ones  witli 
negative  electricity. 

The  aliocks  are  given  by  the  fish,  either  vohintArity, 
in  order  to  kill  animals  necessary  for  ita  nourishment, 
or  tlicj  arc  due  to  reflex  action.  Thus,  if  the  fish  bu 
touched  at  any  point  of  the  skin,  the  stimuluti  is 
instantly  traiisfprred  from  the  tt(<ntient  nerves  of  the 
skill  to  the  brain,  and  &om  the  fourth  lobe  of  thi> 
brain  back  to  the  electric  organ,  by  way  of  the  four 
nei've-tmnks  connecting  the  electric  lobe  with  the 
electric  or^aii ;  jast  as  in  other  animals  muscular 
contractions  are  produced  eith«tr  by  the  will  of  the 
animal,  or  by  ro&ox  action,  on  the  sentient  nerves 
being  irritated. 

M.  Robin  has  discovered  that,  when  the  fish  is 
liliieed  fully  under  the  influence  of  ether,  or  ia 
poisoned  by  vroorura  or  strychnia,  the  ohocks  ceow 
completely.  When  the  electric  organ  is  at  rest,  it 
does  not  seem  to  posaesa  any  eleotro-motire  properties, 
nor  does  it  seem  to  acquire  them  when  traversed  by 
u  oontinuous  galvanic  current.* 


Gckbard,  Bvititf^.  ote.,  vol.  li.  p.  167. 
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Oyiiuw(ti».— The  shocks  given  by  the  OjrmnotJis, 
or  Sarinam  eel,  which  is  ft-om  five  to  six  fV«t  long, 
are  more  powerhi!  th«ii  the  diachnrgen  of  the  Torpedo. 
Humboldt  relattvt  that  this  fiiih  inuy  kill  ut  u  blow 
bones  and  iiiuli-K,  and  that  some  tiint.^  ago  it  became 
oecemBUT'  t«  change  the  mad  from  Uritucu  throngh 
tlie  8t«ppe.  because  the  electric  eels  had  aocumulBt«d 
in  a  rivulet  iu  tiueh  lai-ge  quantities,  tliat  jear  after 
cur  a  i^ivut  nambor  of  hones  were  benumbed  by 
th4>  aboclcs  and  (In^wned  in  the  puaaago.  If  the  dU- 
chargo  takes  place  through  a  chain  of  peraoDS,  all  of 
them  feet  a  violent  vuncutaion. 

The  Gymnotos  po6t<eMe«  an  electric  organ  like  the 
Tor]**^'o-  composed  of  a  great  number  of  prianiB 
similar  lo  volUiic  piles.  But  while  in  the  Torpedo 
tlie  (Iir4<ctdoii  of  the  ciurCDt  in  from  the  hack  to  the 
belly,  it  is  in  the  iiurinam  eel  from  the  head  to  the 
;  pooittve  electricity  being  accumulated  on  the 

tenor  port,  and  negative  electricity  on  the  ]>osterior 
of  the  body.  If  the  animal  he  touch«>d  at  the 
head  and  the  middle  of  tlie  body,  or  at  the  tall  and 
the  middle  of  the  body,  the  sliuck  has  only  half  the 
tnt<inuty  of  that  experienced  vrheu  both  head  and 
tail  are  touched. 

In  tlie  Toq>edo  there  are  {140  aeries  of  diaphtagnu, 
Mcb  separate  series  eontatiiiiig  2,0(W  diaphragms ;  in 
Uu!  Oymnotos  there  an-  only  96  series  of  diaphn^pna, 
containing  4,000  diaphragms.  We  have,  thens 
(at«,  1.880,000  diaphragms  in  the  Torpedo,  and  only 
984,000  in  tlio  Oymuotus.     Nevertheless,  the  shocks 
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^ren  bjr  the  latter  arc  mufh  more  powerful  than  ibe 
iliscliargen  of  the  Ajniior;  which  ix  tltio  t*)  thv  Urger 
surface  prescnt«<l  by  the  diaphragms  of  the  electric 
rtrgan  of  the  latter.  Its  electric  power  resides  like- 
wise in  tlie  brain. 

Mnliiiil«rarut. — The  electric  organ  of  the  MiJup- 
teniniA  forms  a  tube  Hnrrountlin;^  tliu  Ash  in  itti  entire 
length,  from  head  to  tail.  It  is  intimately  united 
with  the  skin  of  the  animal,  and  divided  into  two 
Mjiiituetrical  lateral  halves,  bv  a  dorsal  and  ventral 
longitudinal  septum.  Numerous  tendinous  lumella- 
trmvome  tlie  organ,  and  fonn  a  sort  of  net-work,  in 
the  bi-pjTBmidai  alveoli  of  which  the  electrical 
plates  lire  found,  which  consist  of  nienibranons  ex- 
pani<ioHK  of  the  electrical  nerves.  The  net-work 
just  dc8tribe<l  forms  a  support  for  these  plate*,  the 
intermedintt*  ^piices  betwin-n  the  tendinous  and  ner- 
vous meinbrunos  being  filled  with  a  viscid  subetuace, 
which  is  pi-obably  albuminous.  Bilharz  has  discovered 
tliat  the  electric  organ  of  the  shad  is  iLuimate<l  by 
a  single  primitive  norvc-libre  emanating  from  oiich 
side  of  the  spinal  cord,  at  a  point  intermediate 
between  the  second  and  third  spinaUnerve  roots,  and 
originating  in  a  sinifle  nerre-cell  of  comparatively 
colossal  size,  it  being  viRible  to  tbe  naked  vyff  a»  a 
small  yellow  point  in  the  interior  of  the  con).  The 
electric  nerve,  however,  does  not,  as  Schultzo  found, 
end  in  the  corresponding  half  of  the  electric  organ, 
but  passes  through  an  opening  in  the  same,  and 
turns  backwards,  spreading  in  tlie  opposite  surface. 
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*rhe  electric  cnirent  of  the  Mulapternnis  moves,  in 
the  organ  and  tJie  water  gurroundiiig  it,  in  a  direc- 
tion from  the  lieiul  to  tlio  tail,  and  in  tlio  winy  of  the 
gnlranometer,  from  the  tuil  to  thv  hcud. 

The  differenoo  in  thv  omui^ment  of  the  electric 
organs  in  the  Torpedo  on  the  one  band,  and  the 
(frmuotns  and  Main  [item  rus  on  the  ntht^r  band,  in,  to 
•ome  extent,  exi>laineJ  liv  tJie  fact  of  their  living  in 
media  of  diffun^nt  conductivilv.     The  Torpedo  lives 

salt  water,  which  is  a  oomparatively  ^ood  condnc- 
[>r,  and  bae,  therefore,  a  short  and  thick  electric 
organ,  while  the  Uymnotus  aixl  Makptenirua,  which 
live  in  freshwater — that  is,  in  acomjiaratireljrbadly* 
luctang  mediam — bare  long,  but  thin  organs. 

NejTotta  and  ilwMttlar  Elcetrieiti/. — The  electric 
cDnentfi   circalating   in  other  animals  are   not   bo 

lily  perceived  aa  those  produced  by  the  electric 
fiibcs;  bat  we  have  rouHon  to  believe  tbitt  there 
L*xUt«  a  vast  multitude  uf  well-determinc<l  electric 
nta,  both  in  the  nerrea  and  in  the  muHcles  of  all 
living  animals,  which  have  for  the  moat  purt  only 
local  circuits ;  that  the  preeenoe  of  these  cnrreuts  a 
not  due  to  any  physical  or  chemical  action,  but  is 
•ubordinste  to  tlie  life  of  the  animal,  and  that  the 
its  dinuppear  soon  after  life  luw  become  extinefe^ 

It  is  ri-ry  difficult,  to  make  conclusive  expifriments 
iif  this  kind,  because  the  currents  which  we  may 
ivUecl  are  merely  derived  currents,  the  intensity  of 
which  is  infinitely  more  feeble  thiui  that  of  the 
princiiNil  nervous  or  muscular  current :  in  fact,  the 
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electro-inoHve  elements  id  tko  ncrv««,  ns  well  u  in 
tlie  mttacles,  mnat  be  confiidervd  as  in  thv  condition 
of  a  closed  circuit,  and  even-  current  «o//<«f «{  from  u 
nem,  08  dfTtvfH  fWmi  a  cairent  clrcitlating  in  tlie 
nerro  it*elf.  Bc«idc»,  it  is  ab«olat«ly  n«c«>«aarv  t4^ 
avoid  any  libenition  of  t^kctrlcitT  art^ng  from  otlier 
sources  than  from  the  animal  body  itself;  indeed, 
withont  this  precaotinn  all  experiments  may  be  con- 
Btder^  worthless.  Thus,  for  instance,  if  we  wish  to 
ezaminc  tlic  nerres  or  uiuHcles  with  regard  to  ih«ir 
electric  properties,  it  will  not  do  to  connect  two  con- 
ducting wires  with  tho  vxtivmities  of  a  (^\'an<im«tcr, 
and  then  to  toui'h  with  them  the  tissue  that  is  to  be 
examined.  By  experimenting  iu  thiaway,  we  should 
always  And  indications  of  electricity,  for  no  two 
pieces  of  niot^i]  can  ever  be  coinph?te]y  identical ;  and 
they  would  therefore,  if  placed  in  contact  with  the 
same  liquid,  fjiTC  rise  to  an  electric  current,  the 
intensity  of  which  woold  be  snfficient  to  deflect  the 
iioedle  of  a  sensitive  galvanometer.  Bot  even  if 
the  metals  were  identical,  it  would  suffice  to  touch  thi- 
tltaoes  a  fiiiction  of  u  second  tK>oner  with  one  than 
witb  the  other,  for  producing  an  electric  oummt 
which  eoold  bo  made  porceptiblo  by  the  deflection 
of  the  needle. 

Oalvani'a  Oiaeoverif. — Galvani  was  the  first  who 
proved  by  experimenta  the  existence  of  eleetric 
curreuts  in  a  frog,  which  he  had  pi-epared  in  a  pecu- 
liar manner.  He  killed  tbe  animiil.  then  rapidly 
akiuued  it,  and  pa««ed  the  point  i>r  a  pair  of  scissors 
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beneath  the  two  lumbar  neireB,  which  appear  like 
white  tiireads  on  each  side  of  the  Tertebral  colimm. 
The  eeeond  and  third  lower  rertebrte  were  then 
removed,  bo  that  the  Itunbar  nerves  were  laid  bare, 
and  now  formed  the  only  link  between  the  hinder 
eztremitiea  of  the  frog  and  its  npper  vertebree.  He 
then  connected  the  nerves  and  mnscleB  of  the  frog 
by  means  of  an  arc  composed  of  two  metals,  and 


Fig.  17. 


immediately  perceived  powerful  contractions  of  the 
ranscles.  Volta  objected  to  this  experiment,  that 
the  electric  current  thus  liberated  was  doe  to  the 
contact  of  the  two  heterogeneona  metals.  Galvani 
therefore  connected  the  nerves  and  moscleB  by  means 
of  an  arc  of  homogeneous  metal,  and  even  thnB  pro- 
duced contractions.  But  Volta  contended  that  any 
difference,  however  slight,  in  the  homogeneity  of 
conducting  bodies  in  contact  was  sofficient  to  pro- 
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doce  ftn  electric  ooirent  made  perceptible  hy  tbe 
contractioDB  of  tbe  &og.  Galrani  tliea  divided  tiic, 
norreB  of  tlie  fVog  at  their  exit  from  tlie  Tert«br 
canal,  nuMd  them  vritlt  a  gla«8  rod,  m  a«  to  bring 
them  in  contact  witb  the  i-xternal  nurface  of  a  frog'a 
tJiigh,  on  a  single  point  of  the  muscle,  and 
moaotes  ccHitracted  as  before.  Volta  now  ende 
Toured  to  prove  that  the  electric  current  thus  pro- 
duced had  iU  Hource  in  tlie  contact  of  nerve 
mnacloi  but  Gulraui  Buccceiled  at  laat  in  brinf 
about  contractions  hy  merely  connecting  the  nerves 
of  two  thighs,  so  that  there  was  no  contaet  betwe«ii 
heterogeneous  bodies.  This  ooutractiou  wiw  deiii<.-d 
b;  Volta,  but  loainlaiued  \>y  Huron  Humboldt,* 
wboM  reneurches  'On  the  Irritated  Muscular  and 
Nerrons  Fibre  '  were  publighed  in  1797. 

Galram'a  theorj-  of  unimal  electricity  may 
shortly  summed  up  as  follows :  —Animals  poMCM 
apectal  and  independent  electricity  of  thetr  own, 
which  deier\-e8  Uic  cuune  of  animal  electricity.  Tba 
organs  in  which  tliiit  animal  electricity  resides  are 
the  nerves,  ntid  it  is  secreted  chiefly  by  thu  brain. 
The  electricity  is  conducted  along  the  internal  sab- 
stauoe  of  the  nerves,  probably  the  thiimest  lymph ; 
thus,  it  may  freely  and  rapidly  circulate  in  tlie 
nerves,  while  the  fatty  envelojie  of  the  latter  prevents 
its  disporaion,  luid  lUIowg  it  to  accumulate.  The 
chief  receptacle*  of  the  electricity  are  the  muscles ; 

*  Vffrracfaa  Atitr  d*c  g«teiat«  HimIcbI- und  Kprvi'iifiiovr,     foMii  uDtl 
B*rlin,  1707. 
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Uiey  rcpTOMnt,  as  it  wcw.  a  Lcydi'n  jar,  their  ex- 
ternal sarfucvii  being  uifratiro,  white  the  inner  onen 
am  potitiTd.  Thu  conductor  of  the  jar  is  the  nerve, 
whiob,  together  with  the  blood-re!t»el8,  siippIiM  the 
uiiscle  with  electricity.  Tlie  mochaniain  of  motion 
consjsta  of  drAwtug  th«  electrieitjr  from  the  interior 
(if  tJir  muscle,  and  oondiiutiiig  it  ulong  the  nerves  to 
iUl'  L-xtornal  sor&oe  of  the  muscle,  where  it  pagBes 
ouL  Each  contraction  is,  therefore^  as  it  irerv, 
accompanied  by  a  discharge  of  the  muscuhir  Loyden 
jar,  and  thtit  ii'^in  causes  a  freith  coutiaction,  through 
tbo  atinitiluti'in  uf  the  irritable  niusculiLr  lihre  by  the 
electricity  fluvring  orer  the  external  aor&ce  of  the 

oackt.* 

Volta's  views,  howerer,  were  generally  accepted  by 
luitutvl  philofiophent,  and  it  wa«  not  until  thirty 
yean  likter  tliat  Galvnni's  iukI  Humboldt's  experi- 
nicQtd  were  agitin  taken  up  by  M.  Nobili,t  of  Keggio, 
who  employed  for  bis  researches  a  sensitive  galvauo- 
tiivter  multiplier,  and  succeeded  in  showing  unde- 
niably the  existence  of  an  electric  curivnt  in  the 
bog,  which  he  believed  to  be  proper  to  the  frog.  He 
prepan-d  a  frog's  limb  aa  nsual,  and  iinmeraed  both 
ends  in  two  separate  veaaela  filled  with  water  or  salt 
water ;  and  found  that  if  one  of  the  ends  of  the 
vanometer  was  placed  into  each  vesael,  the  needle 
'ihowed  by  ita  deSection  the  existence  of  a  current 


*  PlWir.  abnr  UiiMuTka  Eleknidiat  niul  ICsUbarlwic  (Lripon.  im), 
P.19V. 
f  AlwalM  do  Chbui*  at  do  Phyiiiiuck  1818,  vol.  mviti.  p.  fti. 
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m«Tini;  from  the  foot  to  tJte  head,  or  (Votn  the  muscle 
to  the  nerve.  This  current  <leth't-t«<l  the  ne«d]e  to 
an  anf[le  of  30° ;  and  iUt  action  on  the  nmltJplter  was 
not  luifrequently  seen  to  lut  for  several  Itonra. 
Nobili  found  tlmt  if  he  touched  the  iicrrc  and  the 
mnacle  of  one  frog  with  the  nerve  and  the  mosch-  of 
another  frog,  there  woo  no  effect  on  the  magnetised 
needle,  one  oiurent  being  op[MMied  to  the  other;  but 
if  he  iilaced  the  nerve  of  on«  fro^  in  contact  with 


i\.  18. 


the  miiHcle  of  another  &x^,  a  powerftil  contrftcUon 
toolc  place. 

These  TVMcarches  were  further  pursued  bj  Hat- 
tencci,*  who  discovered  that  aoininl  electricity  i« 
capAble  of  decomposing  iodide  of  pota«siuin,  of  giving 
rigns  of  tension  with  a  delicate  condenser,  and  of 
deflecting  the  needle  of  the  galvanometer ;  but  it  wu 
a  Uerman  philosopher,  Du  Bois-Beyinond,  t  who 
deviwd   the    mo«t    ingcnioua    and  unobjectionable 

■  Oonptm  tvndni.  IM7.  vol.  t.  p.  AID.    Asd,  E«mI  nir  If*  I^, 
iMutMi  iUctriqaea  0<»  naimaiii  (Pui»,  1S4D):  and  Oiani 
pb)nioIoglB(P>n>.lBM). 

t  nDlfnachnngm  utwt  llii^trli*   ElcttricittiL     Birtin. 
l»tS. 
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method  of  investigating  t)ii8  mutter ;  by  mcntu  of 
which  he  wh«  eiiAbl«>d  notablj'  (o  enlarge  onr  know- 
ledge on  the  interesting  pbcnometiiL  of  luiimal  vtcc- 
trioity.  Uia  riewB  are  now  uuiversoUj  received  by 
the  Profession. 

For  demouBtrating  the  electric  properties  of  uerves 
and  mu«clo«,  On  BniH-lb'yniond  Helected  n  galvanO' 
meter  inultipliiT  bron[;ht  to  the  hi(;he«t  degree  of 
aensitiTenesft,  and  the  phyaiologico)  galvanoscope,  or 
gnlvanowwpic  ftog. 

Tito  tnuUiplier  (a,  fig.  19,  p.  99)  in  made  very  aenei- 
Hvu,  partly  hy  employing  luitatic  noodles  of  the  utmost 
poeaiblo  perfection,  and  partly  by  a  large  number  of 
oonvolations  of  the  wire.  A  mtiltiplier  poAsessing  less 
tlian  1 1  ,nOft  turns  of  a  fine  copper  wire  is  not  applic- 
able ftir  ioTcstigating the  current  properuf  the  nerves: 
fur  demonBtrating  the  muscnlar  current  in  the  living 
ituui,  a  multiplier  of  21,000  oonvolationi  in  neoeasary. 
This  multiplier  indicates  not  only  the  pnritttnce  and 
dirootion  of  very  feeble  electric  currents,  but  also  ct^r- 
tsin  chuugea  in  tJieir  intonaity.  There  is,  however, 
this  inconvenience,  that  the  mognetified  needle  is  too 
•low  to  indicate  a  current  of  instantaneona  durnlioo, 
and  Uwt  it  M  not  able  to  follow  all  the  vnriiitiont  in 
the  intensity  of  the  current,  which  sometjmea  snccecd 
each  otbiT  very  mpidly^indeed,  it  will  only  toll  the 
resititiuit  of  such  variations.  Therefure  it  is  necessary 
to  have  another  more  deJicate  indicator  of  Uie  current; 
this  is  th<>  galvaiioscopic  frog,  or  the  rbeo«copie  Umb, 
which  is  prepared  in  tlie  following  way  :^A  IVog  it 
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kille*!,  then  raptilly  skinned,  and  iU  tliigh-bonc  cut 
off  juBt  abore  tht*  insertion  of  the  gastrocnemian 
muscle ;  afl«r  this  has  been  dose,  all  tbc  muscles  hy 
wliich  communication  is  kept  op  between  the  upper 
and  lower  pioo;  of  the  tbigli  are  removed,  and  thp 
sciatic  uen'U  ui  prepared  aa  liif^h  up  as  poesibk- 
towards  its  origin,  and  afterwards  divided  at  its 
upper  end,  ho  as  to  remain  in  connQotion  with  the 
leg.  The  galvanoftcopic  trog  thus  prepared  indicates 
the  presence  of  currents  of  instantaneous  duration, 
without  the  intorrention  of  metals,  even  when  the 
corrents  move  in  oontmry  directions,  and  succeed 
each  other  very  lapidlr.  It  has,  however,  the  dis- 
advantage tbftt  it  80OU  lose))  )t«  trritubiUt}-,  and  tbut 
it  contracts  onlj  when  the  circuit  is  made  or  broken, 
bat  not  while  the  circuit  remains  closed  ;  so  that  it 
does  not  help  us  to  decide  wliether  there  is  a  con- 
tinuous current  or  a  momeribiry  discliarge.  It  is, 
therefore,  obvious,  that  both  the  multiplier  and  tlie 
galranoscopic  frog  are  equally  necesBaiy  for  investi- 
gating the  phouomeua  of  animal  electricity. 

We  luLve  alivady  seen  that  it  is  of  pai-amount 
importance  to  avoid  bringing  into  the  circuit  any 
heterogeneouH  subatanoes,  which  might  possibly  ^ve 
riae  to  a  liberation  of  electricity.  In  ordor  to  avoid 
this,  the  following  arrungcinent  was  adopted  by  Dii 
Bois :  both  extremities  of  tho  wire  of  the  multiplier 
werc  connected  with  platinum  plates,  which  were 
modv  as  homogeneous  as  possible ;  as  the  slightest 
difference  between  the  two  platinum  plates  would  of 
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itself  caase  a  cnrrent  if  the  circuit  were  closed,  and 
tho  pistes  clipped  into  n  vessvl  fillod  with  water.  To 
render  tho  pktinniii  plid«»<)uit4.- similar  to  «>ach  otbw, 
,  they  were  first  civaned  with  a  mixture  of  alcohol  And 
lier,  then  washed  with  nitro-hydrochloric  acid  and 
afterwards  with  distilled  water,  and  finally  heated  to 
incaodosceaoe  for  haif  a  minute,  by  moans  of  a 


Fig.  19. 

Berx«lius  lamp.  The  plates  wore  held  in  a  clamp 
fixed  on  n  horizontal  brass  rod,  which  could  lie  fixed 
and  moved  in  viary  ponitiou ;  the  IVee  extremities  of 
tbi0  plat«s  were  then  immersed  in  two  large  ressels 
(7V,  Si;.  19)  filled  with  a  saturated  solution  of  table 
L.Mlt.  But  aa  tb«  mlt  water  would  exercise  an  injnri- 
'ons  action  upon  tho  tissoes  if  in  inimediato  contact 
with  the  same,  two  cuabions  (p)  made  of  many  layers 
of  fine  blottiuj;  paper,  well  moistened  with  salt  water, 

a  3 
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Ahhrng^  thu  uiaiigeiDeiit  wss  a  great  im 
Bent  npos  thoae  whiefa  had  bwa  {venonslj  uaed, 
jret  appemred  that  the  infliWDce  of  polari^atioi)  was 
not  eonpletely  prerented  bj  it.  Amongst  all  inotals 
pUtinam  mav  be  most  casilr  nrnli^red  honogviicmu ; 
but  it  Ita«  Um-  great  drawbadi  of  becDOUDg  rapitUjr 
polarised  Diider  the  influeDce  of  the  galvanic  current, 
and  therefore  yielding  tmsatiEfactor;  reaulta.  Noi^^| 
M.  Rvgnaulil  has  shown  that  atnalgamuted  zinc  im-^ 
meraud  in  a  solution  of  sulphate  of  zin<.%  ia  not  only 
eotnpkitoty  homogcoeoos,  but  alao  unpolarieable  bj- 
thd  gaJraaic  current.  Du  Bois  hiu  therefore  recontly 
adopted  the  following  modilicatioD  of  his  original 
iirmngemcnt ; — Two  Teasels  of  zinc  are  used  which 
cODtnin  a  solution  of  sulphate  of  xinc,  and  upon 
which  the  i-dgcs  of  the  cutiliione  are  liud.  These 
latter  are  ikmlIcimI  in  a  solution  of  dulphate  of  zinCf 
and  kept  in  their  pluc4>(i  hy  plat«a  of  ebonite  uon- 
ni>ctcd  witli  the  xinc.  The  inside  and  edges  of  the 
aine  VL'saob  aro  irarefiillf  amalgamated,  while  their 
■lUtaldu  in  thieklj'  coated  witli  a  varnish  formed  of 
aspballUDi    dissolTed    in  turpentine;  and  the  ctamp 
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which  coDneots  one  end  of  ihe  maltipUer  with  the 
(ieriving  reaael  is  Tunished  with  8hellAv  dissolved  in 
iJcohol. 

The  whole  is  CQctoBcd  in  the 'moistehombcr,' which 
coiuista  of  II  mahogmnj  floor  resting  on  four  blocks 
of  wood,  which  aru  niBOct  up  on  well-Tarnished 
pieces  of  piate-gtass.  The  roof  and  sides  of  the 
chamber  are  made  of  glass,  The  interior  wall  of  the 
chamber  co»)tlst«  of  two  pieces  of  gliuiit  touching  one 
ULOtber  in  the  middle,  and  sliding  in  (jroovcss,  so 
as  to  allow  the  hand  to  be  introduced  in  order  to 
arrange  the  apparatus  for  experimeuts.  With  the 
exoeptioD  of  the  anterior  wall,  the  ttidcs  and  the  roof 
of  the  chftmlwr  are  covered  inside  with  thick  layers 

moist  blotting  paper,  ao  as  to  fill  the  chamber  witJi 

pour.  Two  porous  cells  filled  with  water  are  placed 
on  the  bottom  pinte,  in  order  to  maintain  the  moisture 
of  the  chamber  and  to  roeetve  any  water  which  may 
flow  off  from  the  cushions.  A  closing  cushion  is  laid 
over  the  two  deriring  cushions.  The  animo]  tissues 
which  ore  examined  are  pmteoted  Oom  the  corrosire 
action  of  Uie  zinc  solution  bj  interposing  between 
the  cushions  thin  Infers  of  si?iil]>tor'H  clay,  which  is 
moistened  with  a  solution  of  chloride  of  sodium,  in 
urder  to  increase  its  conducting  power.  This  is  like- 
wise nnpolariaable. 

The  following  is  the  way  (n  which  the  experiment 
is  conducted: — The  two  deriving  cushions  are  placed 
in  clom  contact  with  one  another,  and  the  closing 
coshion  is  laid  overtliem;  themultiplierls  then  tested. 
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aiii  if  tlte  appiLratus  is  in  order  no  dofloction  of  the 
nccdlo  uti);ht  to  occur.  If  there  be  imy  deflection, 
tlioro  muat  be  some  fiiiUt  either  in  the  zinc  vessds, 
or  in  the  conducting  liqnid,  or  in  the  cushions,  which 
must  be  rectified  previotis  to  the  experiment  being 
oommenced.  If  tJiere  be  no  doRection,  the  clonng 
ciuhion  is  romovcd,  and  the  part  to  be  czaminvd 
pk«c<l  on  the  clay-gaardB ;  the  circuit  of  the  mul- 
tiplier is  then  opened,  and  if  there  be  any  current  of 
animal  electricity  in  the  [tart,  the  needle  ttiifTer^  a 
deflection  iiidiciiting  the  proHencc,  direction,  and  kind 
of  electricity  inhorvnt  to  the  part  examined. 

Dr.  Boflcliffo  *  has  lately  recommended  the  use  of 
electrodes  consisting  of  platinniu  wireii  flattened  at 
the  end.  and  thickly  cofttod  with  moi)itscul[>tor'sclfty: 
bnt  this  would  appear  to  be  a  step  backwards  in 
experimental  precision,  as  it  has  been  indisputably 
proved  that  platinum  is  a  most  polarisable  metal, 
and  shonld  tlierefore  be  eschewed  in  all  delicate 
electro-physiologii.'al  observations. 

JVemnu  Ourrmt. — If  the  multiplier  haa  been  ar- 
nnged  in  Du  BoiM-Reyinoiid's  fiu<hioii,nnd  we  now  take 
•  a  fi-csh  piece  of  thi-  sciatic  nerve 
/>  ^r^  (p,  c)  of  a  frog,  and  bring  various 
^^^■^^^^^  parts  of  it  in  connection  with  the 
^^^~*^^^|  two  cnshions,  we  notice  the  fol- 
^*  ^^     lowing  phenomena:    if  any  two 

symmetrical  parts  of  the  longitu- 
dinal or  of  the  transverse  section  of  the  nerre  are 
•  Tho  Lan»t,  April  24, 1600.  p.  £74. 
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pUiceil  upon  the  cosbions,  there  is  no  deflection  of  tbc 
needle;  if  tvro  diss^metricaJ  points  of  tlie  longitu> 
dinal  BectioQ  are  taken,  we  obtain  a  feeble  deflection 
of  the  needle,  varjing  from  G°  to  "*;  und  if  the  nerre 
be  in  ooDta4!t  mtfa  the  cushions  on  one  side  bj  its  lon- 
gitudinal section,  and  on  the  other  hy  its  transverse 
MOction,  the  necdl<?  suflbrB  a  dofiot'tion  varying  from 
15°  to  30°.  The  cammt  thus  indicated  moves  firom 
the  longitudinal  section  of  the  nerre  through  the  gat* 
vanometer  wire  to  (he  transverse  section  of  the  nerve ; 
and  tlie  pointii  which  are  nearest  to  the  middle  of  the 
nervous  fntf^mont  are  {xiiiitivv  in  respect  to  those  which 
arc  nearer  to  tlic  extremities.  The  results  are  tlie  same 
if  wo  enlploj  the  galvanoscopie  frog:  and  -whether  we 
employ  nervee  of  sensation  or  of  motion,  or  mixed 
nerves,  or  pieces  taken  from  the  spinal  cord ;  as  to 
tlie  brain,  ever)-  nrtiticiitl  section  of  it  is  negative  to 
wvety  point  of  its  natural  surface. 

Elfctfotonut. — Itemarkablo  changes  are  produced 
in  the  intensity  of  the  nctTous  current  if  a  part  of 
the  living  and  excitable  nerve  of  a  frog  be  subjected 
.  to  the  action  of  a  continuous  galvanic  current,  another 
part  of  the  same  nervo  being  placed  upon  the  vuEhtooa. 
The  intensity  of  tho  nervous  current  is  increased  if 
the  f^ulranic  current,  which  is  made  to  act  upon  the 
nerre,  moves  in  the  same  direction  with  the  nervous 
current  {ptMilive  phate  of  (Ae  ru^rve) ;  on  tlie  other 
hand,  it  is  diminished  if  the  direction  of  the  galvanic 
current  be  opposed  to  that  of  the  nervooB  onrrent 
(mti/ative  phtut  of  the  ntrve).    The  alteration  thus 
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produwd  in  the  neirous  current  has  been  ttrniL-d  lij- 
Dn  Bois-Ueymond  the  cletirotonie  ttatr.  This  state 
commences  aa  soon  as  the  circuit  of  the  battery  is 
closed  :  it  tlien  remains  unctiangcil  all  ttie  time  tbiit 
tJie  ^Ivaniti  current  voiitinucs  to  ciroulutc  in  ihi' 
oenre,  and  dimppearti  itnmediat«lj  whvn  the  circuit 
is  opened.  The  electrototiio  state  is  not  duo  merely 
to  the  transmisaion  of  the  galvanic  current  throttgh 
the  nerve,  but  to  a  real  alteration  in  the  electrical 
propertied  of  the  nenro ;  for  the  eleotrotonic  state  is 
not  inducvd  if  li  wut  thread  he  int^rpotied  between 
the  two  parttt  of  the  nerve,  and  ti^jhtly  draivn  fcoguthor* 
aince  now  both  parts  are  no'  longer  connected  by 
nervous  matter,  but  only  by  the  neurileinuia  and  t)i»* 
wet  thread,  which  offer  littie  nwistaiioo  to  the  tnuu- 
mission  of  the  galvanic  current.  Besides,  the  eloctro- 
lonic  state  is  not  inducL-d  if  the  nt-rve  has  lost  its 
excitability.  From  these  facts  Du  Iloia-Keymond 
has  concluded  that  the  nerves  consist  of  an  inniiiner- 
able  mtiltiLiidti  of  electrical  molecules,  which  are 
differently  iLrnin<;od  according  to  the  dilfurent  states 
of  the  nerves.  Indued,  the  electric  currents  in  the 
tiorves  show,  in  some  instances,  such  sudden  varia- 
tions both  of  intensity  and  of  direction,  as  to  make 
it  imposBtble  to  account  for  them  by  any  change  of 
tsi^r  heterogeneous  elements,  or  in  any  oUier  way 
than  by  adsuuiinj;  corresponding  changes  of  ]io«itiou 
in  almost  infinitely  small  centres  of  action.  When 
tho  liviuf;  iiorvc  U  at  rest,  Du  Bois  supposes  these 
moleoules  to  be  turned  towutls  each  other  with 
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tH]wd  i'xtrcmitu.>M,  ho  tliat  two  molocules  form,  aa  it 
wezv,  only  onu  motucule,  posKwsod  of  one  positdTe 
zone,  and  two  ne^tive  poles.  This  be  calln  the 
ptripoUtr  arratufetMni.  In  the  electro'tonic  state, 
bowerer,  tlte  nioleoules  are  thiis  iLmui^jcd  tlint  uo- 
oqaal  ]><il>«  arc  tnrnvd  towunds  each  other ;  tliU  be 
t«nu  tbo  (tiyolar  arrangttment. 

Negative  Variatitm  of  tits  Oarrait, — There  are  other 
im[)Ortaat  changes  induced  in  tbe  nervous  current, 
as  80oa  as  the  nerve  enters  that  active  state  which 
enables  it  to  cnuKe  motion,  sensation,  and  secretion, 
whateror  may  bu  thu  means  by  which  the  norro  ix 
excited.  For  domouirtrutiug  lliiit,  wc  may  t«tanise 
the  neiro  by  strychnia,  or  excite  it  by  burning,  or  by 
bruising  its  fre«  r-xtn?rnitY,  which  is  placed  l>etwcen 
tbe  ooshions.  ^^^K>n  llili  linn  l)eeii  done,  the  luwdle. 
wbicli  bad  bwn  deflected  by  the  norrous  current 
during  the  poripohir  arrangement,  retiirus  itnme- 
ilitttoly  moiv  or  Ivtia  towardu  its  previouH  poeitiou  of 
equilibrium  :  thut  is  to  say,  tho  uei-vous  current 
suflers  a  great  and  sudden  diminution,  wbioli  is 
called  by  Du  Bois  the  negative  variation  of  the 
cnmnit.  This  lasts  ouly  ur  long  as  tli<^  nen-o  is  kept 
iu  an  excited  stiito:  if  it  l>i>  no  longi'r  uxcitMl,  the 
provioos  oSuet«  of  the  nervous  current  agniu  become 
penseptibht.  The  negative  variation  of  the  current, 
boiMTcr,  is  not  permanent,  even  when  the  contraction 
seems  to  be  eo,  as  in  the  state  of  tetanus ;  but,  like 
tbo  contraction,  it  is  always  composed  of  a  very  rapid 
mootssion  of  single  and  sudden  variations. 


100 


FOnSIS  OF  ELECTRICITY. 


[cbap.  I. 


Wht^n  the  nerve  is  no  longer  abtu  to  cause  motion, 
sensation,  or  secretion,  the  nervous  cnrrent  appears 
very  feeble,  or  its  origiuaJ  diiection  becomes  inrerted, 
the  ne^tive  aurTacefi  being  now  positive,  and  the 
positive  surfaces  negative.  If  we  now  agvtn  endea* 
rour  to  cause  the  electrical  plienomenti  inherent  to 
the  living  nerve,  we  inaj  pcrluipH  succeed  in  produc- 
ing the  elcotrotonic  state  to  a  trifling  degree,  bat  we 
shall  always  fail  to  indnce  the  negative  variation  of 
the  current.  Moreover,  the  electrotouic  Rtate  ceaaes 
»o  shortly  after  the  cessation  of  the  excitability  of 
the  nerve,  that  we  may  just  us  well  say  that  all  the 
electrical  phenomena  in  the  nerve  disappear  at  tJie 
same  time  with  its  vitality. 

Moleschott,*  who  has  lately  made  a  seTiea  of  ex- 
peiiments  on  this  subject,  found  that,  if  a  nerve  had 
been  submitted  to  the  influencu  of  a  powerful  con- 
tinuous current  and  was  then  totanised  by  strong 
induction  currents  moving  alternately  in  different 
direction<i,  there  was  not  un&equently  a  positive, 
insteaid  of  a  negative  variation  of  the  current ;  and 
he  waa  therefore  led  to  believe  that  the  active  8tat« 
of  the  motor  iiervo  was  not  always  aoeompanied 
by  a  negative,  but  sometimos  by  a  positive  variation 
of  the  current.  To  this  Du  Bois  repliedt  that 
the  positive  variation  which  had  been  observed  by 
Moleschott  had  nothing  to  do  witli  the  active  ood- 

■  UntcnnJcbniipD  rat  Xiliurl«hi«.  1661.  tcI.  tiii.  p.  1. 
T  Ptxiliiv  lS:ltinuikun(c  dra   NvrrvntTrDniN,  *tr.,  b    R«icliertA  niul 
rtulwi*'  Anliir,,  I8S1.  p.  TSft. 
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dition  of  the  motor  nerre,  but  wns  owing  to  the 
natural  propondenmoo  of  tho  poeitiro  over  the  nega- 
tirr-  phiiee  of  clc-ctrotonus,  ivliich  is  cliieSy  obflerretl 
wIiL-ii  tilt)  nvrve  lias  alreudj  to  eome  extent  lost  it« 
fXcitsbUity,  in  conse^nenoe  of  lisiving  UKn  for  some 
time  separated  from  tlie  body  of  tiic  imiiual,  and  of 
having  been  subji>ctod  to  injurious  iiifluonces.  It 
aeems  that  Molcsehott  liail  omitti-d  to  tuke  this  fact 
into  consideration.  Dn  Bois,  however,  was  thereby 
induc4Ml  to  show,  by  other  than  electrical  meoas, 
that  the  active  condition  of  the  nerve  is  really,  and 
under  all  circunuitanceit,  iLccoiiii>»iiicd  by  a  negative 
Tuiation,  and  he  has  8iicc«i>dud  in  proving  tbat  the 
negative  variation  also  apptiorx  when  the  nerre  is 
cxcit«d  mechanically,  chemically,  or  by  h«at,  and 
tlutt  it  must  thei-efore  be  Iookc<l  upon  as  the 
dectncol  expression  of  Uie  state  of  activity  in  the 
nerve. 

The  nervoiw  current  may  bo  weakened,  diverted, 
or  even  totally  destroyed  by  repeated  and  strong  eleo- 
tiical  shocks.  Opium,  morphia,  strychnia,  priiuic 
acid,  and  inoxt  aubstanoes  which  luive  a  decided 
ehenticul  effect  on  the  nerre.  aach  as  ether,  alcohol, 
and  mineral  acids,  mpidly  destroy  the  nerroas  cur- 
rent ;  the  only  exception  to  this  rule  being  formed 
by  a  concentrated  solution  of  arsenious  acid,  which 
haa  only  a  jiIow  and  feeble  action  on  the  same.  Ex- 
trotnea  of  cold  and  heat,  desiccation,  and  imbibition 
of  a  large  quantity  of  water,  are  also  deleterioos  to 
llie  nerrons  current 
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Mttaeular  Cnrrfnl. — For  inTeatigatin^  the  electric 
pmp(;rtj«H  of  the  mtiseles,  Du  Bois-ltevitiond  selected 
Ukewiae  the  multiplier  and  the 
giilvuiioscoiiic  fh>g.  But  as 
tho  musclos  pnidncc  currents 
of  fiiT  greater  int^nfiity  tlian 
the  uerres,  the  multiplier  must 
not  pDHSeBs  fio  mnny  eonvo- 
lutiouH  ttH  that  intruded  for  demonstrating  tli^ 
nciTOus  curivnt  (4,(K)0  t«  6,000  instead  of  24,000). 
The  muHColar  currcDt  uppeare  to  be  perfectly  liiui- 
logouB  to  tho  nerroua  current,  except  that  it  ia 
stronger.  We  do  not  percn-ive  u  deflection  of  the 
maf^ctificd  needle  if  the  muBcle  [a,  h)  is  placed  wiKtn 
tho  cushions  with  two  Bymmetrical  points,  whether 
of  tlie  longitudinal  or  of  tho  transverse  section ;  the 
more  dissym metrical  the  two  poiuts,  the  atron^fer 
will  be  the  dcfloctioii  of  tho  needle;  the  current  is 
ttn>nf^t  when  a  portion  of  the  fleshy  surface  of 
tho  muscle  la  luid  upon  one  of  tho  cushions,  and 
a  portion  of  the  surface  formed  by  cutting  the 
muscles  acroiiit,  upon  the  other — that  is  to  say,  be- 
tween the  natuml  longitudinal  section  and  tho  ariifi- 
cial  transverse  section;  whilst  the  current  is  very 
feeble  between  any  two  points  in  the  same  section, 
whether  longitudinal  or  transverse. 

It  should  be  understood  that  the  tendinous  portion 
of  the  muscle  is  its  natural  trattmierse  MC.tion,  and 
that  the  fleshy  surface  of  the  mnocle  is  its  nalttral 
lonfiludinat  $eelion.     The  artificial  iranaverte  iteciwH 
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it  produced  if  the  muscle  be  divided  perpendicu- 
lar);, uid  Uie  artificial  Um^ludxnal  wyfion  if  the 
BUIsdo  bt;  torn  in  tliu  din.-clion  uf  it«  fibres. 

The  din-ction  of  the  □iuH<;u]ar  current  is  the  aame 
aa  that  of  the  nervoUB  cotrent.  In  the  living  ioumIo 
Mch  point  of  the  ]ong:itudinal  section,  whcUior 
natural  or  arlifleio),  is  positive  in  reiipect  to  thi- 
pointA  of  Uie  tnmsreTse  secUon,  whether  nutunU  or 
HrtiRcial.  Each  time  that  a  couducttng  arch  is 
Mtahluihed  bctw««n  way  point  of  the  longitudinal 
Lwction  of  the  Uring  muscto.  and  any  point  of  itti 
^RauarerBe  section,  tlie  needle  indicated  a  current  in 
this  iVK^,  inoring  i^m  the  longitudinal  aootion  to 
tho  trauBVcrao  scotioii.  Tbia  law  hiu  been  established 
oo  the  musck-s  of  the  frtiyt,  and  Tcrified  on  the 
niwoles  of  an  amputated  leg  of  a  nian,  on  the 
muscles  of  rabbita,  mice,  spanows,  uid  eron  of  the 
common  varth-wonn ;  it  hoA  been  verified  not  only 
with  an  entire  mosdet  but  with  a  Hin^Ie  primitive 
fosciculns;  indeed,  wc  may  obtuin  a  dellec-lion  of 
K*  to  10'  by  ineiui«  of  a  single  olrmentary  bondle,  if 
we  connect  the  transverse  and  the  longitudinal  »e«- 
tion  of  a  muscle. 

The  variatinai  in  the  uiteoflitj  and  direction  of 
thi)  maaouhir  current  ore,  in  oortain  instances,  so 
■addoa  luid  so  oxtcnaive,  that  we  are  compelled  to 
nwnme  oorrvsponding  changes  of  position  in  the 
moleculea  of  tho  muscle,  which  are  analogous  to 
those  supposed  to  be  in  the  molecules  of  the  nervo. 
JfusnUor  OttrftnU  im  the  Livmg  Mcm. — It  is  much 


tio 


FORMS  OF  ELECTRICITY. 


[« 


ti'.  b 


mnte  difBcuH  to  demonstrate  the  muscMlar  current  in 
man  than  in  the  muscles  of  a  ft^.  \Vc  know,  how- 
ever, that  the  current  in  the  orni  of  mun  travels 
from  the  «houlder  to  tho  hand,  whilst  in  the  frog  it 
traveU  iu  a  contiBry  cUrectiou.  It  la  espfcially  the 
resistance  oflered  by  the  skin  of  the  human  kody 
whirh  diminishes  the  action  on  the  magnetised 
needle.  Tlie  deflections  of  the  needle  become  much 
more  extennive  as  soon  a«  the  cuticle  is  remored,  or 
the  portion  of  the  body  subjectod  to  tlio  experiment 
is  placed  in  communication  with  the  saJt  water  which 
closes  the  circuit.  For  proving  the  existence  of  the 
mitsciilor  cun-ent  in  man,  a  multiplier  of  27,000  to 
30,(XlO  convolutions  is  rtiquired.  Care  must  be  taken 
to  exclude  any  electric  currents  arisiu);  from  other 
BOUroM,  such  as  from  the  unequal  transpiration  of 
the  skin  on  two  points  plnced  in  connection  with 
the  multiplier,  from  inequality  of  t«mperatnre,  from 
the  want  of  simultaneity  in  establishing  the  contact 
of  the  two  points  placed  in  the  circuit,  etc.  The 
intensity  of  the  current  produced  by  the  voluntary 
contraction  of  the  muscles  of  man  may  be  coiisidfrubly 
increased  if  the  cuticle  be  removed  by  a  blister  applied 
to  the  arm,  and  the  denuded  cerium  is  in  oomma- 
nication  with  the  multiplier.  By  experimenting:  in 
this  way,  Du  Bois-RejTuond  obtained  a  current  of 
60*  to  70',  whilst,  if  the  skin  in  its  usiuU  state  com- 
municated with  the  multiplier,  the  deflection  of  the 
nci'dle  wail  only  from  2*  to  3*. 

PareUcirvnomic  Lagtr.— Ait  analogous  phenomenon 
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U  observed  in  Hie  frog.  If  the  Bniinul  has  been 
akiuned,  it  i»  very  easy  to  domonBtrate  its  muscaliu- 
oommt !  btit  ir  tbf  skin  be  left  intact  upon  the  rans- 
eles,  we  obtain  in-egakr  results,  which  are  [tartly 
due  to  the  circumstance  iiiat  the  skin  pOHSL-ssos 
Ao  rlcctromotiro  force  of  its  own.  If  we  wUh  to 
show  the  muDCuliLT  ctirrvnt  in  ull  it^  intensity,  the 
surface  of  the  muscle  ahould  be  moistened  with  aitlt 
wnter.  A^  long  as  the  tendon  of  a  freah  muscle  is 
touched  merely  by  blood  or  lyinph,  the  current  going 
from  the  tougitudiual  section  to  tho  tranSTorsc  sectiou 
ia  Tory  feeblv.  Its  intensity  ix  immi<diHtely  increased 
if  the  tendon  be  immersed  in  some  other  liquid ;  tt  ts 
likewise  increased  if  the  tendon  be  totally  taken  away 
or  dcatroyed  by  the  coiitaot  of  a  piece  of  porcelain 
hi^'hly  heated.  Hence  it  result*,  that  the  fresh  muscle, 
u  long  M  it  is  touched  only  with  blood  and  lymph, 
pOBseases  a  snpcrficial  layer,  which  more  or  lea-s  pre- 
veuta  themunifi'stationufthecontraat  between  the  Iod- 
gfilodinal  and  tnuisrerse  section.  Du  Bois-Reymond 
luw,  therefore,  terme<l  it  the  pareleelrottcmic  layer. 

Tlie  [wirelectrononjic  layer  cxistd  in  different  pro- 
portions in  different  aniniiUii.  It  is  most  complete 
in  frogs  which  have  been  for  aome  time  subjected  to 
the  tcntperature  of  melttng  ice ;  in  the  muscles  of 
those  uiinuUs  there  is  eitlier  no  current  at  all,  or  an 
ioTorse  current,  duo  to  the  preponderance  of  the 
puelectronomiti  layer.  But  even  under  these  cir- 
cumatonoea,  the  current  may  be  instantly  rerived  if 
the  tendon  be  touched  by  water,  albumen,  alcohol, 
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uctdfl.  alkalies,  or  salt  wat«r.  Tlic  mascles  of  man- 
malia,  birds,  and  Eshes,  proiwiit  tlie  eiune  property, 
nlUiongh  in  a  leas  degree. 

Secimdary  Cvnlraetitm.^-'Vhe  phenomenoii  oompte- 
bendcd  undor  the  name  of  xtfluffH  or  tteondary 
traction,  was  first  observed  by  Mattoacci.  He  pr 
pared  a  frog  in  the  manner  originally  derised  by 
Oalvani,  and  placed  upon  tlie  tliiglts  of  tlte  ftxig  ttte 
nenroos  filnin«nt  ofauother  rheovcopio  liiub,  uniting 
botli,  oa  it  were,  by  a  brid^o.  He  thon  causod  a 
continnons  currunt  to  pass  into  the  lumbar  ncrros  of 
the  first  frog,  and  csiused  a  powerful  contraction,  not 
only  ill  the  inuRcl^^  oftiieite  tliighs,  hut  at  tlie  siune 
tiini.-  in  tht*  i^ilvivnoticopic  frog,  the  nnrc  ulone  of 
which  vnut  in  contiurt  with  the  thighs  of  the  lirst  (tog 
to  which  alone  the  corrent  was  applied.  Da  Bois- 
Reymond  has  sacceeded  iu  inducing  a  contraction  of 
the  third,  fourth,  fifth,  and  «v«n  of  the  sixtJi  order, 
in  rhooMcopic  limbs,  which  communicnted  with  each 
other  merely  by  the  ner%'es.  These  indooed  or 
seoon<Iary  coiitraclioiis  are  due  to  variations  of  the 
density  of  tlie  current  in  the  rheoscopic  limb.  No, 
or  little  effect,  however,  in  obtninod,  if  the  nerves  be 
made  to  communicate  with  two  points  symmetrically 
situated  in  the  musclo ;  if  it  be  intended  to  produce 
secondary  contractions,  it  is  necessary  that  the  two 
points  of  the  nerve  of  that  limb  which  in  to  suffer  a. 
commotion,  sliould  be  laid  upon  those  points  of  tJie 
muscle  in  contraction  which  are  a»  dissymmetrieu]  as 
possible. 
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It  appciuv,  iudoed,  that  JlutU-acci's  contmcUoa 
obeys  the  nentToI  Uwr  of  the  moscutar  currpnt,  being 
wLroii^eiit  when  the  most  effective  lUTungement  for 
the  latter  ia  nsed ;  and  feeble  when  a  weak  ornuige- 
ueut  18  employed.  It  !«  tberefore  iiu>Bt  striking 
whvn  thv  uon'c  of  the  rh>;oac<.i]>ii/  limb  la  uiitdc  to 
toQcb  thu  nutural  lun^tudiiuil  imd  the  iirtJBciiil 
ene  section  of  the  inusclo;  uad  it  is  feeble 
wheu  the  nerre  is  made  to  touch  other  sections. 

Tlie  diuiuutiou  of  the  intensitj^  of  the  inuaculiir 
cumnt  uiU-r  d»ith  is  proportional  to  the  degree  of 
vxcitubilitjr  pusDC^sud  by  the  miwcles.  It  is  therefore 
UKiru  nipidly  dimintsbL-d  in  wiirni-bloodod  iiniiualo 
tiisD  iu  reptili^  und  lishvs.  As  soon  as  rigor  morlia 
acts  to,  which  Briicke  bos  shown  to  be  due  to  tlic 
tioo  of  the  liquid  fibrine  contained  in  the 
niuM-lcii  outside  of  tlto  blood- reM»i*bt,  both  tlie  uxoita- 
of  the  ninscW  uiid  their  eluctro-motivo  furoo 
in  vqiml  proportion,  tu;ver  to  appear  a^n, 
not  even  when  the  n^ity  hax  ccaxed  iu  consequence 
tbe  deooinposition  of  the  fibrine. 
Tlie  phcnometiou  of  the  muscular  current  19  tlierc- 
foru  inliGiont  to  the  living  and  excitable  aniinuJ 
tiwrao. 

In  wunu-bloo<led  anitnaU,  inicb  ns  tlio  dog  and  tbe 
rabbit,  it  §onietiuies  dlsapiiuftrH  within  half  an  hour 
alter  death,  while  in  a  frug's  limb,  which  is  can-fully 
protected  iiom  injurious  influences,  and  kept  at  a 
l«m]H*nitiin',  it  will  aomeliines  ixtntinue  for  a 
brtnight  or  evcu  a  tiioiitti.     It  iihio  varies  with  Ute 
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Bouons.  Cold  irentlter  is  generally  more  fftToarable 
to  the  pcwUtence  of  the  current*  of  anim&l  elcctricitj, 
vhile  hot  weather  often  causes  them  to  disappear 
rapidlj.  In  frogs  tlie  irritabUit;  lasts  longor  in 
spring,  previous  t«  ftpawning-time. 

Tile  local  application  of  poisons  fo  the  neires  and 
muscles  appesris  to  be  more  eflt-'ctive  in  alterin^f  the 
muscular  current  than  their  introduction  into  the 
ajiitem.  PruRsic  acid,  extract  of  opiiim,  the  acetates 
of  morphia  and  of  atrjfclinia,  and  reratria,  when 
brought  into  direct  contact  with  the  muscular  sub- 
stance, render  it  rapidly  rigid,  niid  acid,  and  deprive 
it  of  its  natural  electricity.  Substances  which  have 
a  oonniderable  chemical  action  on  vitalised  tisviiM, 
auch  aa  mincmJ  ncidi*,  alcohol,  ether,  nitrate  of  silTer, 
luid  creaMotc,  n(t«rly  destroy  the  texture,  and  simnl- 
tanoously  with  it  the  physiological  properties  of  the 
musculur  fibre, 

Mattencci  affirms  that  poisoning  by  woorara  di- 
minishes the  intensity'  of  the  muscular  current ;  bat 
this  is  denied  by  Claude  Bernard,  von  Bozold  utd 
KoUikcr*. 

Dr.  KadcUSet  sees  reason  to  belicre  that  tbe 
primary  electrical  condition  of  living  masde  and 
uen-c  during  the  state  of  inaction  is  tliat  of  statia 
electricity,  and  that  the  muscular  current  and  the 


*  CompI**  mndiu,  tdI.  xtriii.  p.  IKS. — I>fuu«  mr  1*  PbjvIolt^S 
vtc-^Rsicbcrt  ■  Arrhiv..  IMO,  f.  les, 

t  LMtotM  on  Epilppi'V.  Pnln,  rnmlyti*,  anil  nTlain  otb«i'  ditanlars 
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aervti  ciirrv^iit',  wlitcli  may  jaea  from  the  maacle  or 
nerri}  iliiriiig  tJi«  ittate  of  iiiRction,  ure  only  secondary 
{^noauioii.  Qo  Wlivves,  with  Mnttciicci,  that  the 
state  of  action  in  a  luiLsok-nitil  in  a  motor  Jierve  is 
accompaui'^l  by  a  disobarge  of  electricity  analogous 
to  that  of  the  torpedo;  and  that  when  a  niiioolo  in 
nsdu  to  contract  by  moam  of  its  nerve,  the  elec- 
tricol  discharge  which  aC4.'arnpanic8  iicrvona  action 
luu  rflvened  the  electrical  relations  of  the  exterior 
and  interior  of  the  muscniar  fibres  in  the  part  acted 
upon ;  tluit  this  reversal  has  led  to  the  dtscharge  of 
the  electricity,  which  is  present  in  the  muscular 
fibres  during  the  ttiue  of  rest>  itnd  which  kocp8  these 
fibres  in  a  state  of  relaiatiou  as  long  u«  it  is  present; 
and  that  this  discfaarffo  of  electricity  brings  about 
mitsculor  contriiotion  by  learing  the  muscle  free  to 
yield  to  the  action  of  the  attractive  force  which  is 
inherent  in  tJie  phvAioal  constitution  of  the  muscular 
molecules.  Dr.  Radcliffc  has  supported  his  riews  by 
an  Ingenions  argiinientation ;  but  he  has  failed  to 
■halce  the  force  of  Du  Bois-Itcymoud's  observations 
and  thitories,  which  may  be  considered  as  tJioroughly 
established  iu  physiology. 

It  is  not  only  the  nerves  and  muscloa,  the  brain 
and  the  spinal  cord  of  tlio  living  animal,  which  are 
pomeaied  of  electro-motive  force,  but  all  tissues  iu 
which  active  nutrition  is  going  cm  give  rise  to  elec- 
trie  currents.  Pieces  of  tang,  liver,  and  kidney, 
nanso  weak  currents,  which  partially  olwy  the  lawi 
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of  the  muscular  uiirrent,  and  which  continae  loufj 
after  death.  Currents  of  aniinnl  electricity  hare  alno 
been  discovered  in  the  int««tine8  of  the  frog,  the  im 
of  birds  of  prey,  the  ovary  of  the  rabbit,  the  oriduct 
of  the  fro^,  the  ureter,  urinary  bladder,  and  aorta,  of 
the  rabbit,  and  the  spleen,  testicles,  tendons,  and 
Iiones  of  thn  frog.  IHiese  currents  Imve  one  point  in 
common  with  the  mnscular  current,  viz.  that  tho 
extumtil  nnd  inteniul  xurfaccs  of  thwie  lissuwt  tuv 
inversely  olL-ctrificd.  In  no  othi-r  tissup,  huwcvcr,  is 
the  electro-motive  force  so  strong,  nor  are  there  ench 
greet  and  sudden  variations  in  the  intensity  and 
direction  of  the  current,  ns  in  the  nerves  luid  Out 
inusoI«8. 

Ouianeoua  CurrmU  m  Froga, — Dn  Boie  bus  found 
that  when  the  two  extremities  of  the  galvanometer 
are  made  to  touch  the  extemalsurfaceof  tbeskinuf  a 
frog  by  means  of  paper  cnshions  moistennl  with  salt 
water,  a  strong  current  is  shown  to  travel  from  th« 
point  which  wa«  In«t  touched  to  that  which  was  firat 
touched.  Thf  needle,  bowcvor,  eirea  no  indication 
of  u  curront,  if  the  contact  is  as  far  as  possible  simol- 
taueouM.  The  current  obtained  by  the  first  proceed- 
ing disappears  rapidly,  aa  the  nolt  solution  dcstroj-s 
the  electro- motive  force  of  the  skin.  On  examining 
the  internal  surface  of  the  skin,  a  regular  but  feeble 
oarrent  is  observed  to  travel  from  the  point  first 
tottched  to  the  one  lost  toiiclivd  :  and,  if  the  extxe* 
mities  of  tlie  multiplier  iirt*  applied  at  the  same  time 
to  the  uxtcrnul  and  iiitenwJ  eui-faoce,  a  curront  ia 
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noticed  to  travel  from  the  external  to  the  internal 
SDT&ce.  This  latter  current  also  disappears  rapidly, 
from  which  Du  Bois  has  concluded  that  the  skin  of 
the  irog  possesses  an  electro- motive  force  acting  from 
the  external  to  the  infernal  surface,  and  which  ia 
readily  destroyed  by  the  application  of  salt.  Solu- 
tions of  chloride  of  ammonium,  iodide  of  potassium, 
snlphate  of  zinc,  sulphate  of  copper,  diluted  sul- 
phuric acid,  liquor  potassEc  and  liquor  ammonite,  also 
destroy  this  electro-motive  force  in  a  short  time. 

Du  Bois  has  found  that  these  cutaneous  currents 
are  peculiar  to  the  naked  amphibift,  and  do  not  occur 
in  fishes ;  he  therefore  thinks  that  they  are  connected 
with  the  secretion  from  the  glands  of  the  akin,  which 
is  very  abundant  in  frogs  and  toads.  They  are  vital 
phenomena,  for  the  skin  taken  from  a  frog  in  a  state 
of  putrefaction  does  not  show  any  electric  currents 
ataU. 

Budge  *  has  more  recently  investigated  these  con- 
ditions, and  has  come  to  the  conclusion  that  the 
longitudinal  section  of  the  frog's  skin  is  negative  to 
its  transverse  section.  He  found  that  when  a  piece 
of  frog's  skin  ia  rolled  up  into  a  thin  cylinder,  and  a 
transverse  section  is  made,  the  needle  is  deflected  to 
an  angle  of  from  50°  to  80°,  if  the  extremities  of  the 
multiplier  are  brought  into  contact  with  the  longitu- 
dinal and  transverse  section.  If  the  cushions  are 
moistened  with  a  solution  of  sulphate  of  zinc,  the 

Z1I  orkennc'n  frilil,    [VwiiilorlT's  .^nimleii,  vol.  e\i,  p.  i37. 
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eurrent  r^miiins  yery  constant  for  »ome  hoiim,  bat 
disappears  mpidly  when  a  Boliition  of  cUoride  of 
sodium  is  «Bed.  Budge  also  found  that  the  rlieoscopic 
limb  may  be  made  to  coutmct  by  ttis  corrent. 

RoseHtlia!,*  wlio  repeated  these  eiperimenta,  has 
shown  that  when  the  cushions  are  moistened  with  a. 
solution  of  sulpliate  of  zinc,  a  strong  cnrrent  is  per- 
ceptible in  the  frog's  skin,  travelling  from  without 
inwards.  Thia  current  only  slowly  diminishes  in 
intensity,  and  even  leas  so  if  clay-guards  are  inter- 
po!)ed  between  the  cushions  for  protecting  the  skin. 
He  discovered  another  current  flowing  from  the 
external  siirfaoo  to  the  transverse  section,  this  being 
weaker  than  the  one  just  mentioned;  and  a  thii-d, 
moving  between  the  internal  snrface  and  the  trans- 
verse section,  this  latter  being  the  weakest  of  all. 
He  thinks  that  these  latter  currents  arv  urtificiul 
productions,  and  that  the  electro-inotire  force  n?ally 
inherent  in  the  frog's  skin  is  the  one  moving  from 
witJiout  inwards.  He  agrees  with  Du  Bois  in  as- 
suming that  the  hiyer  of  Hocreiing  glands  is  the 
source  of  this  electricity,  just  ns  the  current  observed 
in  Uie  stomach  of  the  frog  aud  the  rabbit,  which  alxo 
moves  from  the  excretory  ducts  of  the  glands  to  the 
glandular  suhstauce.  It  might  be  objected  to  this 
view  that  the  origin  of  this  electricity  was  merely  dae 
to  chemical  action,  for  the  niucns  secreted  by  the 
glajid^  of  the  frog's  skin,  and  the  pistric  juice,  are 
both  acid,  while  the  dccp<^'r  layers  of  the  skin  and 
*  Bai«h«n'j  unl  Du  BaJt-RcjiiKiiu]'*  Anhlr,  IBSd.  p.  301. 
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stooiiicli  ikre  alkaline ;  but  lliis  objection  is  remorcd 
tij  Du  Bois  luiviii<;  pruvtxl  Unit  Uie»e  vital  electrical 
curruubi  an  much  iitron^T  tliiut  tbosc  of  tho  modt 
powerful  licid  and  allculi  puir.  Tlid  clioiaical  oompo- 
■ition  of  the  mucus  hua  tliercforc  little  or  notlun^  to 
ilo  with  the  glandular  electricity,  wbicli  eeetua  indeed 
to  be  entirely  oning  to  the  liring  glandular  tissue 
itself.  The  drcumstanoe  of  some  other  ghinda  not 
showini;  any  ek-etroniotive  signs  ia  explained  by 
Rosenthal  na  anting  from  their  more  complex  «tnic- 
tnre,  not  allowing  the  electricity  which  rcully  vzuttv, 
making  any  outward  monilestation.  Experimenta 
nndertaben  by  Rosenthal  und  Valentin  render  it 
probable  that  the  glandular  current,  just  as  the  mus- 
cular current,  experiences  certain  definite  variations 
when  the  nerves  auimating  Uie  glands  ure  gatrftoiaed. 
Grunhagea*  baa  lately  giveu  a.  different  version  of 
the  electrical  conditions  of  the  frog's  skin ;  but 
Bosenthal's  experiments  and  argumentation  reeom- 
tneud  themselves  more  to  our  acceptauoo,  as  Aunrces 
of  error  Mem  to  have  been  more  curcfiilly  excluded 
in  his  inveetigations  than  in  those  of  Gninhagcn. 

CuiaruQu*  OirrenU  in  Han. — It  is  ca*iy  to  discover 
indications  of  electricity  on  the  hnnuin  skin;  but  not 
every  rlectricity  that  is  obtiorved  there  is  true  animal 
electricity.  Tlius,  a  tbermn-electrieal  curreul  can  be 
produced  by  heating  uneqiuLliy  two  symmetrical  parts 
of  the  skin,  for  iiuttuioc,  the  oorrespouding  fingers  of 
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the  two  bands.  A  fingm'  at  Ui«  t«iiipcmtiirv  of  32" 
F,  is  fltrongly  positive  to  one  ut  90°  or  98"  j  while  h. 
fiiigiit-  at  60°  is  feebly  positive  to  one  at  80°,  and 
stronglj  80  to  one  nt  12(1".  The  eWtro-rootire  force 
of  these  thfrmio  i^iirrciitu  i»  greater  than  Uutt  of  a 
thermic  copper  und  iroii  pair,  nnd  lusta  as  long  as 
differences  of  teinperatnre  continue  to  exist. 

If  two  fingers  which  are  of  the  same  temperature 
ore  •imuituncoasly  immersed  into  the  resaels  of  Dm 
Bois*  apparatus,  there  does  not  appear  to  be  completi-- 
homotreiieity  between  them ;  for,  after  some  invgulnr 
08cilhi.tionB  of  Uie  nre<lle,  a  feeble  but  constant  cur- 
rent is  obsen'tid,  fiowin;;  in  the  same  din.'ctioa  for 
months  consecntively.  This  current  Tiiries  consider- 
ably in  dilTcrent  persons,  both  in  direction  and  inten- 
sity. It  i»  sometimes  found  that  in  the  same  person 
the  direetion  is  middenly  tevi-nsed,  and  the  current 
trill  then  flow  for  some  months  in  tin  op|>o8ite  dii-ec- 
tion  to  that  which  was  first  obser\-ed.  This  electric 
current  is  called  the  rndiridnal  cmrrent  of  the  finger. 
Again,  if  two  e«iiinJ1y  warm  fin^rs  arc  immersed 
into  the  t4>Miu|;'Ve«»-U,  not  simnltuncously.  but  the 
one  some  time  uft>?r  the  other,  it  appears  that  the 
finger  immersod  lost  is  strongly  ]iositive  to  the  other. 
The  same  may  bo  obsorred  if,  insteiul  of  the  tingci-s, 
tbo  two  hands,  feet,  or  elbows  are  immersed.  After 
a  time,  however,  tbi»  ciii-rent  fpves  place  to  the 
*  individual  cnrrent,'  nnlcsa  one  port  be  more  dwply 
immersed  tbiin  the  other,  or  its  position  l>e  otberwi«» 
ehaufred.     This  cnrrent  retains  its  diameter,  if  ordE- 
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niuT'  water  instead  of  salt  yraier  is  osed,  bnt  iUt 
diiTction  is  reversed  iu  diluted  sulphuric  acid,  and 
extrejiiely  irretftitiir  id  a  itolutioti  of  ouutic  potush  or 
of  lU'f  ttfte  of  (Hxlu. 

Those*  ciirronts  dne  to  dissiniiiltaneous  imtueraion 
mte  quite  different  &om  the  thermic  carrents;  the 
former  are  strouger  than  the  latter,  and  tlie  direction 
of  the  latter  ia  not  clianf^  in  diluted  8uli»hiiric  acid. 
Thejr  may,  liowi'ver,  both  nppcnr  iiiintiltaneouBlj  in 
tlio  nmc  espt-Tiniont.  DissimilHr  stretching  of  thu 
■Vii),  and  dissimilar  swoating,  may  also  giro  riM  to 
flvctro-motive  action. 

After  eliminating  all  these  sources  of  electricity, 
Du  Brtifl  found  that,  if  thu  electricity  inherent  to  the 
skin  is  examined,  it  appear?  that  ilie  palm  of  thu 
hand  is  strongly  negative  to  itd  buck,  and  the  entire 
hand  negative  to  the  elbow  and  the  chest.  The 
elbow  ia  feebly  positive  to  the  chest.  Tlie  sole  of 
the  foot  is  strong;  ly  negative  to  the  back  of  the  toot, 
and  the  wliolc  foot  Ttogit-tive  to  thu  clicxt.  The  hand 
is  generally  nepitive  to  the  foot,  but  somelimcv  Uiu 
rereree  is  obserred  in  the  beginning  of  the  experiment. 
All  tlicRe  ctirrenta  are  strong  nud  constant.  They  are 
lot  tln-nnic  current*,  because  Oieir  direction  b  not 
bangt'd  ifonc  of  the  tvsting  vcusels  is  heated  first  to 
i"  aud  then  to  80°,  while  the  other  ia  heated  first  to 
80"  and  then  to  W)°.  Nor  are  they  truces  of  the  rauit- 
caUr  current,  for  they  apjieiir  right  through  the  hand 
id  the  foot,  whore  it  is  diffiuult  to  conceive  that  a. 
■irong  niuscnlar  cun-ciit  should  exist :  ami  they  do  not 
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show  any  ue^tivo  rariatioi],  from  wUicb  it  appeairs 
that  they  most  be  sioiplj  cutaiii>ou3  eurreuta,  Bimilar 
to  tho»e  which  »re  obserred  in  ihv  fro^'ii  sVm. 

QtulrO'h^palU  Current. — We  Uare  aci.'ii  that  tJie 
vWtricul  [>rupi-Kic8  of  thu  tiseuv«  aro  in  dirt-ct  |iro- 
portion  tu  thu  activity  with  which  the  ^neriU  mutu- 
morphosifl  of  matter  ia  beiog  carried  on  in  them. 
Elcctricitjr  ia  ererywhere  uiaiiifcsteil  where  there  is  a 
distitrbonoc  gfoin(;<m  in  the  vquilibritim  of  iiioleculeB ; 
und  the  more  mpidlj  uiid  i-xteneiTvl^-  this  «<|tiilibriiiiu 
is  diatarbud,  tho  mure  striking  will  be  the  manifca- 
tatioDS  of  eluctricity.  But  wo  muHt  take  care  not  to 
confound  the  true  ftnimal  electricity-,  which  is  a  vital 
p  bo  uo  NIC  noil,  with  ulvctric  uiirrvut«  urisin^  merely 
from  chemiciil  action,  and  whicli  muj  bo  obitcrv«.xl  aa 
well  in  dead  as  in  living  animiUs,  and  in  resseU  fiUod 
with  heterogeneous  liquids  ae  well  as  in  the  animal 
bodj.  A  oorreiit  of  tbiii  kind  is  the  so-called  gaatro- 
A'^pofi^  ntrrmt,  which  has  been  described  by  Matteucci. 

This  pliiloxojiher  liiu  aMterted  that  metal  salts, 
when  bronght  into  the  bloud,  WL-re  decomposed;  the 
aeids  bein>;  attracted  and  escreted  by  the  kidneys  as 
electro-positive  organs,  while  the  alkalies  were  drawn 
to  the  Hrer  as  electro-negative  organ.  M.  Donni 
afterwards  stated  that,  if  equal  extremities  of  the 
multiplier  were  brought  into  conflict  with  t-hemically 
diuiniilar  organs  of  secretion  (as,  for  iustiiuce,  the 
•kin  and  the  mucous  membrane  of  the  mouth,  or  the 
liv«r  and  the  stomach],  considerable  deflections  of  the 
magnetised  needle  were  observed.     Matteucci  then 
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exprettsed  Kis  belief  ttuit  these  ciirrouts  rcmilted  from 
Ui«  contrurjr  electric  status  of  tho  oipuis  of  sccrotion, 
vrliicli  Wfrv  tlif  iiitUf  of  the  chemical  diHsimilarity. 
In  order  to  prove  tlio  existence  of  a  current  moving 
from  the  stomach  to  the  liver,  Matteucci  introdncctl  a 
plate  of  platinum  into  the  stoniach  of  a  liriiif;  mbbit ; 
placed  imother  plate  on  the  liver,  and  eonnected  botli 
of  them  vritli  the  extremities  of  a  gftlranometer.  Ho 
then  noticed  tlutt  the  needles  inttnni);  tmvcrwd  an 
are  of  20',  showing-  the  eiiitenoe  of  a  powerful  car- 
rent  hGtwcen  the  liver  and  the  stomach.  He  now 
endeavoured  to  decide  the  question  whether  this 
current  ought  to  be  considered  aa  the  effect  or  the 
coote  of  the  chemiciU  differences  alluded  to,  since  it 
is  p.>ncnilly  knuwn  thut  an  electric  current  is  deve- 
loped, if  an  alkaline  and  an  acid  liquid  be  eepatsted 
hjr  permeable  strnctures ;  and  the  stomach  containa 
an  acid,  the  liver  an  alkaline  secretion.  In  order  to 
wriTe  at  a  sattsGictorf  result,  he  divided  the  nerves 
Ukd  Tceaels  passing  into  the  abdomen  above  tho 
diaphru^,  and  obscr^-cd,  that  in  an  instant  tbu 
iimhUc  of  the  galvauometer  deviated  to  3*  or  4*.  in- 
stead of  20° ;  and  oAer  he  had  cut  off  the  head  of  the 
rabbit,  harrllj-  any  deflection  was  obtained.  But  if  a 
wire  was  inmn'tt^l  into  the  spinal  cord,  and  mnscuUr 
coinmntiomiwero  produced,  the  gustmhepatic  current 
■was  temporarily  re-eetabUahed. 

From  th<-s(!  experimenta  Mutteucci  concluded  that 
the  giistro- hepatic  current  was  not  the  effect,  but  the 
cniisc,  of  the  cbemicul  motiuiiorphosis  of  the  saline 
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ingeBta,  the  decomposition  of  frhicli  fiiruifihed  acid 
to  the  stomEich  aad  alkali  to  the  liver;  that  it  was 
not  yet  known  how  this  corrent  was  excited,  but  that 
the  existence  wafl  definitely  proved  of  an  electric 
current  between  the  stomach  and  the  liver,  which 
would  nearly  cease  on  division  of  the  nerves,  and 
completely  vanish  with  the  death  of  the  animals. 
This  current  should  be  competent  to  the  evolution  of 
sufficient  free  acid  in  the  stomach,  to  enable  diges- 
tion to  go  on,  an  equivalent  of  soda  being  determined 
to  the  liver. 

Both  the  experiments  and  conclusions  of  Matteucci 
have  since  been  proved  to  be  erroneous  by  M.  Donn^, 
who  showed  by  experiments  made  on  twelve  rabbits, 
that  the  so-called  gaatro-hepatic  current  may  be  ob- 
served on  dead  as  well  as  on  living  animals ;  from 
the  liver  of  one  rabbit  to  the  stomach  of  another,  and 
vice  versa ;  that  neither  the  section  of  nerves  and  ves- 
sels, nor  cutting  off  the  head,  nor  the  excitation 
of  the  spinal  cord,  whether  mechanical  or  electrical, 
has  any  influence  whatever  on  the  intensity  of  the 
current ;  that  unequal  organs,  cut  out  of  the  body  and 
held  in  the  hands,  continue  to  give  rise  to  electric 
currents;  and  that,  in  fact,  the  so-called  gastro- 
hepatic  current  is  only  an  artificial  electro-chemical 
phenomenon,  and  has  nothing  whatever  to  do  with 
animal  electricity. 
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CHAPTER  n. 

ELECTRO-PHrSIOLOGY. 

I  NOV  proceed  to  deacribe  the  pbysiologicaj  effects 
produced  by  the  application  of  electricity  to  the  dif- 
ferent tissues  of  the  living  body  in  their  normal  con- 
dition. I  shall  successively  consider  the  action  of 
electricity  upon  the  brain  and  the  spinal  cord,  the 
organs  of  special  sense,  the  sentient  nerves,  the 
motor  nervys  and  the  muscles,  the  sympathetic  nerve, 
the  contractile  fibre-cella,  the  heart,  the  blood,  the 
skin,  and  the  bones.  A  thorough  knowledge  of  these 
effecta  will  enable  us  to  form  more  accurate  notions 
of  the  value  of  electricity  in  its  application  to  diaeaae, 
than  might  otherwise  be  obtained.  The  literature  of 
thia  subject  is,  however,  noiv  so  extensive  that  it 
would  be  quite  impossible  to  refer,  within  the  limits 
of  the  present  work,  to  all  the  books  and  papers 
which  have  been  written  upon  it ;  and  it  must  there- 
fore suffice  to  give  the  results  chiefly  of  those  inveati- 
gations  which  are  either  of  liiatorical  interest,  or  have 
a  direct  and  important  bearing  on  the  therapeuticEiI 
application  of  electricity. 

The  physiological  effects  of  electricity  arc  partly 
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dependent  upon  the  electricity  itaelf,  and  pnrtlj  npon 
tht!  property  and  function  of  tbv  or^n  that  is  suli- 
mittud  to  its  action.  In  the  first  instance,  the  form 
of  electricity  which  is  used  is  of  great  importance. 
TbuB,  if  sparks  from  the  common  electriciil  modiitic 
iiro  applied  to  tlio  skiit,  tli^y  produce  a  masation  of 
pricking  and  pain ;  if  tlii^y  uri>  lur^,  the  skin  tMComvii 
red,  and  a  papular  eruption  resembling  the  lichen 
ui-ticatua  is  produced.  If  a  continuous  galvanic 
current  is  made  to  act  upon  the  aldn,  a  sensation  of 
bcftt,  rednpfl^,  inaaTumation,  and  even  destroctioa  of 
tbe  skin  and  the  subjacent  ^tructuros  may  be  caused, 
especially  if  tht'  current  be  powerful  and  the  appli- 
cation prolonged.  An  induced  electro-magnetic  cur- 
rent may  products  sensations  rorying,  ucoording  to 
its  intMisity,  from  a  ttlit^ht  pricking  to  an  acuto 
burning  pain ;  but.,  although  the  tension  of  the  cur- 
rent may  be  very  high,  it  will  not  cause  inflammatory 
effects  like  the  continuous  current.  To  give  another 
instance,  if  sparks  from  the  common  electrical  machine 
are  applied  to  the  fa.ce,  they  produce  a  faint  sensation 
of  light ;  if  tlie  continuous  current  be  applied  to  tbe 
fiicc,  a  decided  Sash  of  light  is  perceived  by  tlie  one 
subjected  to  the  experiment,  and  if  the  currvnt  has 
a  certain  iut«.-nsity  the  sensations  of  light  become 
poaitiTely  dazzling.  Again,  if  an  induced  current  be 
applied  to  the  face  by  means  of  moistened  condnctorfl. 
It  produces  no  sensation  of  light,  but  contractions  of 
tlic  muscles  of  tbe  face  and  a  vaiiety  of  physiog- 
nuDucal  exprcwions;  the  retina  is  only  uffcctod  by 
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fthe  induced  catrent,  if  it  poMesMit  »  liig'li  ttnuion, 

huid  even  then  not  nearly  to  Uie  siuno  dcgiw  u  by 

'the  contiiiuoiM  ciinvnt. 

Beeidefl  the  fonn,  the  quantity  and  t«nsion  of  the 
electricity  have  an  important  beariii|r  oa  the  produc- 

ition  of  tlie  pbjsiolo^cal  eSect».  A  large  quantity'  of 
electricity  causes  more  striking  eftvcts  than  a  luiiall 
one.  If  an  induced  current  of  low  t4.-nsion  in  cmplojrud, 
such  SM  is  produoi'd  in  a  altort  and  thick  wire,  feeble 
contractions  of  the  muscles  are  produced,  but  the 
Beutient  nerres  are  not  much  allected ;  on  the  otlier 
hand,  a  coirent  of  high  tension,  as  produced  iu  a. 
long  luid  fine  wire,  catiHes  not  only  inuxeular  oon- 
tnctious,  hut  also  decided  sontiationit ;  and  if  thu 
iotenBity  of  the  current  be  rery  higli,  pain  will  be 
felt  which  ETuriMuiws  that  prodnced  by  tlie  npplicution 
of  the  aetital  cautery ;  luid  muscular  contnictions 
will  Hppcnr,  reM-niblin^;  tlic  violent  commotions  ob- 
served  in  persons  poisonctl  by  strychnia. 

The  physiological  effects  caused  by  electricity  are 
■Jao  differeut  according  to  the  mode  in  which  electri- 
oHy  is  transmitted  to  the  organs,  and  to  tlie  len^b  of 
time  daring  wliick  it«  action  is  kept  up.  An  induced 
current,  applied  to  the  skin  by  moiatened  conductors, 
produces  contractions  of  those  muscles  which  ate 
beneath  that  part  of  the  shin  to  which  the  eli-cirodcx 
are  din>cted.  If  dry  metallic  condnclors  lure  usod, 
an  effect  will  be  pruduoed  on  the  nentient  nerves  of 
the  skin,  but  not  on  the  contractile  power  of  tlio 
muades;  provided  that  Iko  tension  of  the  current  Iji 
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nut  Tory  high.  If  the  ulvctrodos  axe  6nnly  preaaed 
a^iuat  tlie  skiu  at  a  point  where  a  motor  nerve  a 
siijH'riicial,  contmetiona  of  all  the  muscles  take  place 
which  lire  auimnted  by  tliut  iiervv;  but  if  the  ecu- 
ductors  are  not  pressi'd  uf^uiiiet  tlio  Ekiit,  the  current 
mtis  along  the  cellulur  tissue  which  envelopes  the 
nvrve,  and  no  mascular  contractions  wilt  tiilce  place. 

The  lengtli  of  time  during  which  the  cl«ctricity  is 
nlluwcil  to  act  on  the  diflervnt  orf^tis  ta  likewise  of 
mufh  importance.  If  u  contiuiious  con-ent  of  mode- 
rate power  is  made  to  act  on  the  skin  for  a  short 
time,  it  will  enlarge  the  blood-vesaels  and  stimulate 
circulation ;  but  if  it  be  applied  for  severn  I  hotim  suc- 
cessively, as  \b  ofttm  done  with  PulvL-rmacher's  chaina, 
the  blood-vessels  become  piU'alysed,  and  sloughs  ore 
produced.  If  an  induced  current  ia  made  to  act  for 
a.  short  time  on  the  mot^ir  nerves  and  moseles,  it  will 
stimulate  their  vital  ener^ry ;  but  if  its  action  is  con- 
tinued for  an  hour  or  more,  the  motor  power  of  Humo 
orgiuis  will  be  more  or  less  exhausted,  and  temporary 
paralysis  umy  be  produced. 

The  physiolofricftl  effects  of  electricitj-  are  further 
<letermin«<d  by  the  special  property  of  the  organ  to 
which  it  is  applied.  The  same  electric  current  which 
prodooes  a  flash  of  light  when  applied  to  the  eye, 
otoseB  a  special  Bonsatiun  of  t^uite  when  directed  to 
tlio  tongue ;  sounds,  when  applied  to  tlie  oant ;  mus- 
cular contractionB,  when  directed  to  a  motor  nerve, 
and  sensations  at  pricking  nnd  heiit  when  applied  to 
any  juirt  of  the  skiu.     t'iiiully,  the  didVrcnt  stnU-s  uf 
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Hj  of  the  organ,  at  tho  time  when  tJio  electricity 
is  applied  to  it,  are  of  great  importunuo.  Thus,  a 
morbid  increase  of  sensibility  in  a  nerve,  as  is  ob- 
eerved  in  sciatica,  tic  douloureux,  and  other  forms  nf 
nounJgin,  may  be  reduced ;  while,  on  the  other  luuid, 
a  norrc,  Uic  vitMl  en«i^y  of  whi«b  is  gone  or  nutto- 
rialljr  diminished,  may  hy  electricity  ho  restored  to 
its  norma]  condition. 


L— ACTION  or  THE  ELKCTHIC  CrRRENT  UPOS  TIIE 
nRAIX.   ' 

The  action  of  the  induced  current  upon  the  brain 
of  livini;  animali)  liaa  been  inreatigatod  by  Professor 
Weber."  He  obsi-rred  no  ciTect*  if  the  electrodes 
were  applied  to  the  hemispheres  of  the  hraiu  or  to 
the  cerehellam — not  even  if  they  were  inserted  into 
the  depth  (if  tlie  me<lu1lary  substance — but  by  di- 
rcctini;  thi.-m  to  the  tubcrcula  qtiadrigcmiua,  irregular 
conruhtions  were  pruduocd,  which  eithur  appeared  ss 
clonic  cramps,  such  as  are  ohscrrod  iu  patients  suf- 
forini;  from  certain  diaeasee  of  the  brain,  or  resembled 
reflex  movenientii ;  that  is  to  say,  they  did  not  occur 
irregalarly  in  all  the  muscles,  but  in  certain  groups 
of  muscles  which  ar«  naturally  combined  in  action. 
If  the  medulla  oblongata  was  excited,  tetanic  convDl- 
sioas  took  place,  as  in  pcntons  poisoned  by  strychnin. 
Pn>fe8Bor  Weber  thought  we  mlgbt  infer  from  this 
that  clonio  cramps  clinically  observed  in  patients 
jKjinted  to  dtseaae  of  the  brain ;  and  that  there  was 
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disease  of  the  meduUs  oblongata,  or  of  the  spinal 
cord,  if  tonic  cramps  oocurred ;  but  those  coaclu- 
sioiu  have  not  been  entirely  jiutiiied  by  cliniciU 
dxpeiiCDice.  AnotJier  plieiionienon  obHerred  bj  him, 
tiftor  the  application  of  tbv  inducod  current  to  tho 
medulhi  obloDgat4i,  was  Btoppugo  of  tbo  kction  of  tlut 
heart 

Matteucci  has  made  some  experiments  on  the  ao- 
iion  of  tlie  continiiotift  current  npon  the  braiii  of 
living  animals.*  He  ub8orvo<l  tliat  wtiun  the  polos  of 
ft  pilo  of  sixty  pairs  wore  upplii-d  to  thu  hfrnisphtavs 
of  the  brain,  the  animal  did  not  sUrt>  nor  iras  anjr 
effect  visible  if  tbe  cerebelliun  was  touched ;  btit 
when  thu  cJvctrodes  were  dtn;ctod  to  the  tubvrcula 
quadrigemina  and  the  cnira  curtbri,  tliu  ammal 
cried  out  laslilj,  and  at  the  same  time  all  the 
mnscles  of  the  bo<ly  were  contracted.  These  phe- 
nomena lasted  for  several  seconds,  but  wore  not 
observed  on  the  cessation  of  tlio  cnrreiit. 

Tli«  only  form  of  electricity  which,  if  applied  in 
moderate  intensity,  has  adistinct  physiological  action 
on  the  brain  of  the  living  man,  is  the  continuous 
galvanic  current.  Static  electricity,  electn^magne- 
tism,  and  magneto-electricity,  only  uifoct  tlic  brain 
if  applied  so  powcriiiUy  ««  to  inliTft-ri'  with  health, 
and  perhaps  life ;  but  a  gentle  continuous  cuiTent, 
directed  to  tbe  face,  scalp,  or  neck,  and  which  causes 
no,  or  scarcely  any,  sensation  of  pain,  is  readily 
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tnuumitted  from  those  porta  to  the  corcbrol  snb- 
ioe<  This  is  ahowii  bj  the  acnutions  of  light, 
nd,  smell,  and  t«st«,  porooiTod  on  appljiug  the 
ititiiioti8  current  at  a  diabmce  from  the  organs  of 
Ht^'OK,  from  which  it  appears  that  the  nen-es 
Baimating  those  origans  UM  encountered  by  the  gaJ- 
▼aoic  influence  at  the  ba«e  of  the  brain.  Forther- 
niore,  sensatiomi  maj  be  cauacd  which  cnit  only  be 
explained  by  a  direct  action  of  the  currvnt  on  the 
oerebnU  subatonce  itself,  riz.  dizsiness,  giddiness, 
met,  fainting,  vomiting,  and  eron  convulsions. 
hltt«r  pb*.-nomi'na  only  appear  if  the  current 
is  one  of  considt-'rable  power ;  but  giddine»B  and 
faintncHs  are  often  felt  even  when  a  gentle  current  is 
used. 

Uany  phynologiatfl  and  physicians  hare  denied  tito 
poaribilit;  of  guiding  a  galvanic  current  of  moderut« 
jmwer  thnyngh  the  brain  of  the  living  nAD,  thinking 
that  it«  passage  to  that  ot^gan  was  prevented  by  the 
re«tstance  of  the  soft.  part«  and  tlie  boae«  of  the  skoll. 
ProfieMor  Erb,*  of  Heidelberg,  Iioirever,  has  jnstly 
eontended  that  the  obstacles  encountered  by  the  gal- 
▼ADIC  cum.>nt  on  its  way  to  the  brain  are  not  »o 
as  has  been  generally  supposed.  With  regard 
tlw  oondootiDg  power  of  the  bones,  we  have  ulmady 
(p.  68)  tliat  it  is  better  than  it  was  formerly 
Iwlieved  to  bo.  In  fact,  the  epidermis  is  a  worse 
conductor  than  the  bones,  beeausu  it  does  not  contain 
so  nach  water  as  they  do.     It  only  oonduots  at  oil 
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in  conseqoence  of  being  perforated  bjr  numeroas 
small  cmnols,  snch  ae  tlio  cxcrctor]*  ducts  of  tlio 
sudoriferous  glands  and  tbo  Betnparoux  folliclos,  which 
are,  it  is  truv,  butter  condactors  than  the  ttsauo 
proper  of  the  epidermis,  bnt  do  not  conduct  electri- 
city so  well  as  the  bloodreasels  which  traTorse  the 
bon(«.  Moreover,  if  applied  to  the  »kuU  itself,  the 
current  is  only  sli^htlj  diverted  from  its  direction  bj 
better  coodoctiD|T  aoH  parts ;  since  tho  cpidermi8> 
the  coriiun,  the  galea  aponeurotica,  thtf  periosteuni> 
and  the  bones  form  layers  directly  superposed  upon 
one  another,  and  will  not  prevent  a  current  of  mo- 
derate power  from  entering  tbe  cavity  of  the  skull. 

The  following  experiment,  mode  by  M.  £rb,  shows 
that  a  portion  of  the  cmTcnt  will  follow  the  shortest 
way  betwetn  the  two  eleotrodt-s : — The  two  forearms 
of  a  man  are  crossed  over,  so  that  tltey  touch  one 
another  about  three  inches  above  the  wrist,  the  an- 
terior surfficen  having  previously  been  well  moist4>Df!d. 
One  eleetrodti  is  then  placed  on  tbe  dorsal  surfaee  of 
the  right,  and  the  other  on  that  of  the  left,  forearm, 
and  a  current  of  some  intuntiity  sent  thmugb  tbe 
same.  After  some  time,  a  sensation  of  beat  is  fult 
in  the  donial  surfsces,  and  a  sensation  of  the  ttiune 
kind,  but  much  more  feeble,  on  tbe  volar  siu-faces. 
On  TOmoring  the  electrodes,  it  appoiir^  tliat  not  only 
is  that  part  of  tbe  skin  which  was  in  contact  with 
them  diffuiw'Iy  reddened,  but  tbnla  simibir  effect  bos 
been  produced  at  the  point  where  the  vohir  surfitccs 
touched  each  other,  although  it  is  there  not  so  uai- 
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form,  and  appears  more  in  patches,  corresponding  to 
the  sebaceous  foUiclea.  lu  tbis  experiment  there  are 
two  roods  open  to  the  current,  riz.  a,  longer  one 
through  tlie  niusclett  of  the  unn  iLiid  trunk,  tvliich 
rjlTcr  less  rcsistuucc ;  nnd  a  shortvr  one  right  through 
the  tort-amui  thcmselvofl,  where  more  resistance  in 
oITcred  by  the  epidermis.  The  result  is,  that  a  por- 
tion oF  the  current  travels  by  the  long  road,  wliich 
has  a  better  conducting  power;  but  a  not  itieoii- 
aidenible  part  of  it  takes  the  short  way,  as  is  shown 
by  the  sensatiou  of  hcut  which  is  oxpericnccd,  and 
the  rodn«s8  whiuh  is  perccptihU-,  at  the  end  of  the 
czpcriinont.  Now,  as  th*!  ri'sistiuice  of  the  bones 
appears  to  be  less  than  that  of  the  epidermis,  M.  Erb 
concludes  that  a  current  which  is  applies]  to  the  two 
opposite  surfaces  of  the  skull  must,  if  not  wholly,  at 
least  partially,  penetrate  into  the  cavity  of  the  akull, 
Kud  act  ui)on  the  cerebral  matter. 

llio  aamo  obsprrer  has  miulo  experiments  on  dead 
bodies  which  go  br  to  prove  that  the  galvanic  cunvnt 
in&y  really  be  sent  straight  through  the  substance  of 
the  brain.  He  oi)ened  the  skull,  removed  the  brain, 
and  covered  the  top  of  the  skull  with  a  layer  of  inns- 
otitar  substBiicc.  two  inches  wide  and  throe-quarters 
v(  an  inch  thick,  so  that  it  wont  from  the  occipital 
■puia  In  the  glabella.  Pieces  of  akin  were  interposed 
between  the  muscular  flesh  and  the  electrodes.  The 
sknll-CAp  WHS  then  filled  with  cerebral  matter,  but 
the  contuct  of  this  with  the  muscular  substance  wns 
carefnlly  avoided.    The  edges  of  the  skull  having 
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been  w«U  dried,  a  prepared  frog's  limb,  rasting  on 
tlie  ovrubr&l  n)M<tt«r,  iru  then  interposed  between 
the  two  electi-odea,  and  a  feeble  current,  whicb  pro- 
duced only  slight  pricking  when  applied  to  the  face, 
sent  through  the  tissues ;  when  it  waa  observed  that, 
on  cl«8iii|r  and  opening  the  circuit,  the  physiological 
ga1viuioi(tfope  contnictod  vigorously.  M.  Erb  con- 
cludL-H  from  this  that,  in  spite  of  the  well-cunduoting 
muHcular  substance  which  connected  the  electrodes,  a 
current  of  sufficient  power  entered  the  brain  to  make 
tlie  frog's  limb  contract.  The  induced  current  pro- 
duced the  same  effect  on  the  trog'»  limb  aa  the  cod- 
tinuous  current. 

Another  experiment,  performed  by  tbe  same  ob* 
server  on  the  <iead  body,  is  tbe  following  :— 

A  rectangular  piece  of  bone  was  removed  from  the 
slnill-«up,  and  the  akin  and  periosteum  dissected 
away  tiom  the  edges  of  the  bones,  and  retracted ; 
part  of  the  dura  mater  was  then  removed,  and  the 
blood  and  the  cerebro>8pinal  Huid  were  allowed  to 
escape.  The  edges  of  the  bone  were  tben  carefully 
dried,  and  the  body  was  left  for  tliree  hours  in  a 
wnnn  room,  ao  as  to  remove  oil  the  moisture  &om 
thu  edges  of  the  bones.  A  piece  of  ccrebml  substance 
was  tben  taken  out,  and  the  nerve  of  a  frog's  Umb 
was  placed  in  the  fossa  thus  formed,  while  the 
other  parts  of  the  frog's  Umb  were  insulated  by  a 
thick  covering  of  dry  paper.  The  electrodes  were 
then  applied  above  the  ears,  the  result  being  that  a 
current  which  could  easily  bo  borne  on  the  face 
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caused  distinct  contractioDB  in  the  IVog'a  limb ;  tbe«o 
cuutruc'tioos  becBiDC  stron^r,  iT  oitu  polo  yraa  pot  to 
on«!  side  or  tbo  forohcud,  and  the  oiher  one  to  the 
mastoid  pro».>sB  of  the  opposite  side.  TbeapplicHtion 
of  the  induced  current  produced  the  aauie  cflVsA. 

M.  Erb  ha»  iber«fore  shown  that  dtu-in^  the  ap- 
plioution  to  the  hoiid  of  u  continuous  and  an  induced 
current,  wliich  are  so  feeble  a«  to  be  perfectly  suitabte 
for  therapeutical  application,  portions  of  the  current 
traverse  the  brain  in  aaeb  quanlitjr  and  iiitensitj  ns  to 
cuuw  a  decided  effect  u]>on  tlie  frog's  limb,  although 
this  occupied  onljr  a  small  space  in  connection  witli 
cerebral  matter ;  and  he  argues  that,  in  the  lirinff 
body,  circiiinstances  would  be  even  more  favourable 
for  tho  tmnsniission  of  the  current  to  the  brain, 
becanse  there  the  temporaturu  is  higlior,  and  circu- 
lation  KCtiTe. 

It  might  be  objected  to  these  conclusions  that  a 
enrreot  which  is  sufficiently  powerful  to  excite  the 
nerru  of  a  frog's  limb  is  Iiiu^Ily  siifficientlj*  strong  to 
pmdnce  an  appreciable  thumpeutical  effect  on  the 
brain.  But  if  we  consider  that  the  frog's  uerre 
touches  only  a  very  small  portion  of  cerebral  matter, 
and  tbiit,  in  itll  pmhability,  tho  current,  wln-n  np- 
plit^d  to  tlio  bend,  tnirerses  all  )>ortioits  of  the  brain 
vciuolly,  this  current  cannot  be  quite  so  feeble  us 
ui^bt  be  imagined.  Moreover,  it  bu  not  been 
shown  that  a  current  must  necessarily  be  verj 
powerful  in  oi'der  to  be  useful.  Such  ideas  might, 
perhaps,  apply  to  the  tudnced  current,  which  is 
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nothing  but  a  powerftil  stimulos ;  vrhilo  tbo  con- 
tinnnas  current  haa  not  ouly  stiniuUtiitg,  bot  also 
catalytic,  electroljrtic.  aiid  electro-endoemotJc  effects. 

It  iM  true  tliat  the  indii«V(l  current  may  penctrato 
into  the  bmin,  but  it  teem*  to  exert  only  little  iii- 
llaence  on  it,  just  as  on  the  retina  and  tlie  otho- 
organs  of  apectaJ  aeiise.  Induction  carrenta  applied 
to  the  temples  only  cause  pain  and  muscular  con- 
tractions, but  no  giddiness  or  sensations  of  Iiglit, 
except  in  persons  who  are  unDSually  scnntire  to  all 
fonuB  of  electricity. 

It  18  therefore  certain  that  a  continnoua  corrcnt  of 
moderate  povrer  may  be  vande  to  traverse  the  cerebral 
substance  of  the  lirin^  man ;  und  the  only  question 
we  still  have  to  consider  in  regard  to  this  is  whether 
the  current  is  directly  transmitted  to  it  in  the  way 
described  by  M.  Erb,  viz.  by  way  of  the  bloodvessela 
which  penetratt'  from  without  to  the  in.iide  of  the 
skull ;  or  ivhetJier  the  retlex  function  of  Uic  iiith  pair 
of  cerebral  tierre«  is  the  chief  medium  by  which  the 
eurrent  is  propagated  to  the  brain,  as  I  have  always 
been  inclined  to  assume. 

The  principal  reason  for  my  theory  waa,  that  we 
see  cerebral  symptoms  produced  not  oaly  by  sending 
the  current  straight  through  the  bend,  as,  for  in- 
stance, when  one  pole  is  put  to  tbo  occiput  and  the 
otJier  to  the  forehead,  or  one  to  the  right  and  the 
other  to  the  left  temple,  but  also  by  applying  the 
poles  of  the  battery  to  any  parta  of  the  iiioe  close 
together,  where  no  portion  of  the  brain  is  included 
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in  the  circuit;  omd  thu  nrgumciit  has  never  boon 
rvfutod.  An  opportunity  has,  however,  recently  been 
'ftfibrtlecl  to  m«  of  citrct'ully  etudyiog  thia  tjuestion  in 
the  Uring  snbject,  with  dn«  elimination  of  all  aourcea 
of  error;  as  I  hare  been  fortunate  enough  to  obRerve, 
clinically,  a  case  of  complete  aneti^the^ia  of  the  entire 
fifth  poir  of  ccrobnJ  nerves.  In  thin  putiunt,  the 
reflex  function  of  the  trifu^iul  uvrve  was  completely 
excluded,  and  it  appeared  that  nu  cerebral  s,ii'mptuma 
conld  be  produced,  even  if  a  current  which  caused 
intolerable  netisatiotui  to  a  heiUthy  penwn  wa^  sent 
straight  tlirougli  the  head.  The  cose  alluded  to  ap- 
pears to  me  to  have  a  moat  important  bearing  on  the 
settlemetit  of  this  question,  which  has  for  a  long  time 
pvr]>Iexod  all  those  who  have  occupied  themselves 
with  elirtro- physiology  and  elcctro-thiTapeutics,  and 
I  tlicrofore  sul^oin  tJio  following  purticulars  of  the 
aame: — 
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Case  J.—Anaalknta  o/tha  Fi/Ui  Pair  <ff  OtntnU 

Neree*. 

P.  Q,,  •(r«>d  27,  tumiarrii-d,  a  iliecp-flirtnor  liriag  in 
Amrtralio,  linil  bvonin  gooil  ticAlth  aniil  Aanc  1866,  wbra 
on  riding  ncroM  a  vast  plain  in  Qaeetuilftud,  aiid  being  much 
rxp<Mi>d  to  a  kii^n  wind  blowii^;  Bt«a«)ily  into  his  face,  bo 
wu  •iiildcalr  Keiztxl  by  sowra  pun  in  the  lelV  nd«  of  tlto 
hwd,  eyes,  nni)  f»oe.  At  finit,  tbo  sensation  was  as  if  the 
fiu»  wrre  froit-biltOD.  Tfao  pain  Ihvn  bccnmo  of  n  duU 
throtibiDg  cbaraeter,  and  continood  to  for  Hro  ireeks.  He 
put  himscU'  under  the  can  of  a  local  pmutitianrr,  wbo  piv- 
•cribvd  iodide  of  paUuuiintn  and  a  blister.    Som«  time  after, 
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on  a  simibr  exposim  a^in  taking  place,  the  right  eide  af 
tUo  fiwe  beouno  offootnl  iti  the  Huno  manner,  but  the  pniu 
vas  not  GO  severe,  and  the  atlnck  did  uot  lost  so  long  as  t\w 
firtt.  W]i«n  tiie  puin  wub  quite  gooo,  tho  comMu  of  both 
eyes  became  covered  with  tiiick  opucitieB,  and  tho  patient 
COmptMcI}'  1o«t  bis  eight  on  the  right  side,  while  on  the 
ieti  lie  could  etill  fUiutlj  distinguish  light  mod  objects  at 
R  thort  dintanus.  1'^9  powvr  of  moeticntion  aUo  bccoma 
votnpletely  lost,  aud  the  skiu  and  nmcoua  membraAeaof  the 
fHo  qoito  DDinb.  Ho  llicn  went  to  SyAncj,  whore  hft  wm 
Admitted  into  tho  Hospital,  in  which  he  remained  fivo 
months.  The  surgeon  under  whose  care  he  wn«  thrtv. 
ordered  tho  eyes  to  be  atnippod  np,  probably  with  tlm  iu- 
t«uLion  of  preventiug  perforatiou  of  the  com«»  (Snellen), 
As  timo  wont  on,  soma  of  tlio  K^mptonm  were  rather  im- 
proved, but  as  he  was  still  inoapncitatod  troia  doing  any 
woric  whatever,  be  came  to  England,  and  placod  himself 
under  my  cnre. 

I  liret  saw  tho  patient  on  April  21,  when  I  found  him  in 
the  following  eondition  :— 

His  intellect  and  memory  wore  in  no  way  impaired.  Ho 
wiui  ubio  U)  &x  liin  iiUuntiim  on  iiiihjcets  quite  fts  w<'ll  nj) 
previous  to  this  alTeetion  ■,  indeed,  lie  complained  much  of 
the  idli-npM  cnnsoil  by  the  Iokh  of  night.  1'his  made  him 
occasionally  irritable  and  low-apirit«d.  There  was  «  pe« 
culinrly  hard,  nimort  xtntijeeqae  oxprvMion  of  the  fr»tnr(«, 
which  was  due  jiartly  to  a  slight  cedematuun  efliisiun  into 
the  oollular  tiiunie  of  the  face,  and  [wrtly  to  tJio  romplvt* 
loss  of  mu^i^ular  aeniiibUity. 

On  applying  Pnnulisation  by  moistened  eonilnctom  tothe 
mnsotes  of  the  f&ce,  these  resjtonded  readily  by  contraction 
to  tJui  electric  itimuliui ;  bat  there  was  a  complete  absenoe 
of  that  pcctdiar  seasation  wluch  in  &  beelthy  person  idwaya 
Kccompauies  electro- mnscular  contractions,  and  which  is 
cauocd  by  tlie  stimulation  of  the  sentient  nerve-fihres 
wliich  arc  distributed  in  the  mnscolar  substance.  ThtJt 
latter  WOK  in  no  w»y  affected,  sbowiog  that  tlio  morbid 
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iDfluenoe  had  not  rcAcJied  the  portio  dura.  AU  tli«  vari«dM 
of  pliysEognomiual  rxpnwsion  could  be  prodnced  U  will, 
Imt  the  effect  mode  was  tnoro  like  tlinl  of  an  Mitoinatoii 
tbkn  the  QKtunl  sppcaruice  of  seutiunt  nnd  aniioated 
feats  rcH. 

The  sonae  of  amell  w&a  quite  normal,  ftnd  hnd  never 
li«ni  imphirtNl.  On  applying  ft  unfficiontly  poworfnl  con- 
tiuuouB  g&lvanic  cnrrent  1o  tht^  mucous  loeiabnuie  of  tbo 
DOHC,  n  doddod  pltoaphoroas  smoU  wu  perctrivod  bj  tlw 
patient. 

VisioD  WOB  obstracled  by  thick  l«ucoina  of  both  wmet^ 
olthongh  the  nptic  win-o  irttt  not  offBoted.  Indeed,  tlio 
pnt4mt  WW  able  not  only  to  dJstiDgiiish  light  and  ahiule 
with  both  ejrco,  but  he  could  alio  oee  near  ot^eota,  and  read 
aingle  lottATs  of  No.  20  (8<line  roman)  of  Jinger's  teal  type*, 
with  t]>e  led  fje,  wht-rc  the  Icncoma  waa  not  so  thick  us  in 
the  riffhl.  Uo  waa,  however,  quite  unable  to  gnido  hintfiolf 
in  the  straebi.  Ho  snSerad  a  groat  deal  hvm  photnphobtu, 
•nd  bod  to  wear  on  «yis>]iudc.  Thi*  woe  a  reimu-kabls 
circotDRtanoo,  w,  in  conseqaeDoo  of  the  lenooma  of  both 
ouraixe.  only  Tcry  ItttJo  light  could  peneti«te  to  the  retina. 

Mr.  Soelberg  Wella  haa  been  Idnd  enough  to  make  ■ 
oareAil  ophthnlmoKoop)^  examination  of  tbu  fundiu  of  the 
aye,  and  has  Airmahed  me  with  the  following  report  of  the 
appeamncoi  noti»?d  lijr  faint ; — 

"In  both  ereft.  tlie  pupils  became  well  dilaU>d  nmW 
atropine.  In  the  right  there  iirxi  Tcry  dolinit*!,  tlirtutdliko 
adbeadona  between  the  edf(e  of  the  pupil  ajid  the  leuconia- 
toofl  portion  of  the  coroon.  In  tlie  left  ejc  there  ara  nUglit 
remnanla  of  utumI  pigment  on  the  oentnil  portion  of  the 
anterior  copsala,  indicating  that  a  alight  iritis  had  formerly 
eotiated.  TIm  leiu  and  vitreona  hnmonr  are  dear,  and  the 
harkgroand  of  the  ey»  quite  normal.  In  tlio  right  eye,  on 
aceoant  of  the  denao  oenlral  leuconia.  Ok  optio  diao  oonid 
beooly  imperfootly  aoen,  but  in  the  left  oyo  it  was  quite 
vi«Ur." 

The  motor  nerves  of  the  eye  were  in  their  oormal  condi- 
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tion,  there  being  neitlier  jitosiit  nor  strabtmnns  nor  dosblft 
vision,  and  hII  moTcmcntM  of  the  eye,  opwmrda,  downwarda, 
ftnd  Ifttenilly,  boju^  i-tuijr  of  «x  ecu  tion. 

The  pupils  vrero  rntbor  conHlrtoted,  nnd  were  only  vnrjr 
alifjlitly  influenced  by  variations  of  li^bt  and  Hb&de. 

In  describing  tho  cuiiditiou  of  llio  liftli  nerve,  I  ihall 
apcok, 

Ist.  Of  the  skin  of  tbo  face  and  scalp; 

3ud.  Of  tlie  UDCOUd  membranes  of  the  eye,  uooe,  and 
month ;  luid 

3rd.  Of  tlie  ronsclcfl  of  inaatication, 

1st.  The  comiDon  sensation  of  tho  foos  and  scalp  wm' 
entirely  lojtt  in  both  «ides,  tbc  limit  of  the  anicstlietia  being 
rertionlly  a  lino  mnning  one  sixth  part  of  an  inch  Innranls 
from  the  horixuut«l  and  anoendiiiK  branclies  of  the  lower 
jaw ;  and  horizontally  a  line  drawn  Irom  tlio  trugns  of  one 
ear,  right  ticroas  the  skull,  to  the  trogiui  of  the  nthur  car. 
All  tho  parle  c«nipriacd  hetwoon  theso  linos,  inclodiDg  tho 
temple*,  furoheiul,  noMu,  chcK-'lcH,  and  cluii,  hod  lout  tbrir 
Bensibility.  As  regards  tlie  car,  tho  IrAgns  was  antesthetic 
and  part  of  the  external  meatoa  benumbed,  while  the 
elia  M'Ofi  p(>Heetlj'  sensible.  In  like  manner,  tlie  skin  of 
the  bat! k  part  of  the  vknll,  and  the  nkin  of  the  ncck,  liiul 
preaerred  their  ordinary  sensibility.  In  tbe  anatsthetle 
parts  of  tbe  Ihco  and  scalp  just  alluded  to,  neither  pricking 
HOT  pinching  nor  any  other  mcebanieo]  irritriiion  wm  in 
llio  least  degree  perceived  by  the  patient.  With  regard  to 
elcclrieity  it  appeared  that  Faradijiutiou  by  dry  conductors 
did  not  produce  any  sensation,  even  when  a  poworhil  oar. 
rent  wa«  used.  On  n])plyi[ig  to  the  Ihei.'  the  continDoa* 
current  of  ten  cellfl  of  Daniel's  battory,  which  deHecled  the 
noodle  of  tlie  gnlvanomctnr  In  an  nngloof  thirty-BTecl<-gTvi«t, 
and  which,  in  aiioalthy  person  experimented  npon  at  the 
wmo  time,  cnnMd  not  only  a  feeling  of  heat  and  pricking  in 
thoM  parta  of  the  skin  to  which  the  eleetrodt*  were  applied, 
liut  airo  a  sonsatinn  of  taste  on  tho  tongue,  and  n  flash  of 
light,  cUieBy  on  bradcing  the  circuit,  no  physiological  elTbet 
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irhAtoTcr  wms  produced  io  the  patjeut.  On  nrin^  n  camnt 
of  tweiitj'  vnllt)  of  tlio  soma  bnttcry.  wliicli  d(<lli'clc-<l  the  kiiI- 
vODometer  U>  mn  &iif(l«  of  l!ll,v  ileifit-ea,  aud  in  it  Itvnilhr  [irr- 
•oD  caoBiKl  contisctions  of  Uio  ninsclcs  of  the  bcc,  both  at 
ihoentiuice  und  tb«  ceesution  of  the  curreut,  to^ctbcr  with 
atfoBg  piiclciag  nnd  lioiit,  v-i  vkl  flneliM  of  light,  ^[dtnms,  a»d 
■IronggMlvaiuo  tastv,  no  HL'tiaatiou  whatever  wiui  prcKliicvd  io 
the  palwat,  hot  tho  fodnl  uaxclm  rospondcd  rmdily,  clijelly 
oo  making  tbu  circuit.  On  funber  inuneiwing  tbu  power  of 
the  current  to  tbirl}"  colls,  vrbicb  dcflpctcil  tlio  gnUikuonieter 
to  an  angle  of  Huvontj'-tn'o  d^gieett,  and  iii  a  bc.-nlthjr])nnion 
caiued  llie  percoption  of  dauliog  fluhM  of  light,  a  hisKiu^ 
noi»e,A  pbosi>burotii>  niuell,  and  6UL-h  [wworful  fci^lingH  of  boat, 
giddiooHfl,  and  eicknctw  na  to  ho  unbatmble  lor  mure  than 
kMOond,  tlie  patient  peroeiv«daalig;hiseuKati»ii  of  warmtb 
and  pnckin)f,  a  Blight  coppmy  taato,  a  dight  phosjihnroas 
tOLoll,  aiid  slight  giddiacMB.  These  itetiaationii  hiwl  niach 
the  name  degree  of  intenai^  wheiMVBr  the  poles  were  a]>> 
plied. 

The  senae  of  tvtnperatnre  waa  completely  abiieRt,  for 
noitfaeT  intaoao  cobt,  an  cniuuH]  hj  the  application  of  ether 
npntjr  Mr  ice,  nor  heat,  cuuHed  tlui  least  aeoiiiiLinn.  Tbia 
had  bcm  bo  fTum  tlui  oonmoucenMint  of  tho  nlToctiou  :  uiid 
the  iwtiont  hod  eeveral  tiinea,  on  h^btiiiK  a  [lijxt,  acci- 
dentally scorctw^i  his  lace  vritlMUt  being  awnra  of  it  at  tba 
tioM'. 

The  aeuse  of  touch  was  entirely  gonai  for  ceilber  of  the 
two  pooiita  of  tltc  antboionivt^r  wan  in  tlio  lewt  dtigrco  per* 
oeived  by  the  pntiont.  Nor  was  tbo  wnao  of  locality  pr»- 
Bervml.  for  the  jtatJont  could  uot  tvll  where  bo  wiia  to(iohe<l 
or  piucbed. 

ianl. — Tkei  ITuoMM  VemAronM  of  the  Sya,  Now,  and  ifoiUh. 
—a.  Tbe  conjauctiva  of  both  eye  and  eyelid  woa  complvtely 
ajMBethetic  on  bolli  tldct,  luid  could  Ih  touched  by  the  6d* 
ger,  and  Iiltuil  aud  i>liarp  intitruinmt§,  without  exciting 
reHex  movcrnciitA  or  Indiryniation.  The  pnlirnt  F^tated 
that  wbrn  ho  wfidhed  his  bce^  be  always  kcj>t  tbu  cyoa 
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Open,   vid    ner«r  felt   tbe  cantoct  of  cither  water   or 
softp. 

The  Bccrctiuu  of  the  lachrTnuiJ  glftnd  appeared  to  ]i*v« 
toteltf  oeaM^d;  Mid  the  application  of  mlMtaneH  which 
gOMnUj  excite  a  flow  of  toora,  such  as  wnnonia  and 
mustard,  had  no  offoct  vbatorer.  Th«ro  was,  howewr,  pa- 
Utolo^cal  bfperaecretion  of  conjonctival  muctui,  by  meana 
of  which  tk«  eye  was  Icept  motsb.  Indeed,  llie  ooniea 
apponrcd  nnTcrcd  with  Ktrcaka  and  Bfarad*  of  ntncn*,  whirh 
^vc  II  tii-nth-like  appenrtmce  to  the  e^M.  This  mncua  wan 
tnORt  probably  sccrclfd  hy  tliouc  mnroDS  fwllicloB  which 
wero  firxt  (UiKcribcd  by  ProfviiHor  Krnniic,  and  whicb  aro 
situated  below  tbe  oai^nnctiTa,  where  this  niotnbmne  ie 
rcftected  fVom  the  eyeball  upon  tbe  eyelid. 

h.  The  mnoour  mombratie  of  the  nose  was  quite  ins«n- 
ittblo  to  the  touL-h  of  blunt  or  aharp  iimtramonl*,  and  no 
flneexing  followed  the  appUcatioa  of  kuuiT.  There  was, 
howvv(ir,  ail  abundiuit  secpetjon  of  nmcuR,  which  hod 
atone  time  been  soexcesiiire  tbnt  thick  .Hcuba  were  ooii. 
tinoally  forming  in  the  nose.  1'his  mticnis  was  of  so  acrid 
a  nature  tliat  ou  nuiniuK  down  to  the  lip  it  made  the  nldn 
of  the  anlcu*  naMvlabialis,  and  part  nf  the  lip  b^ond  tbe 
snlctia  on  b»tb  aides,  rvry  sore-,  and  cauKcd  tJio  mon>tac)io 
to  fall  oat  there.  Otherwise,  tbe  benrd  and  hair  altoffether 
were  in  perfect  condition,  from  which  it  appcom  that  the 
growth  of  hair  is  not  nnder  the  direct  influence  of  the  6fth 
serve.  That  part  of  the  nppor  lip,  where  (be  acrid  accre- 
tion from  the  nnse  uoed  to  run,  appears  now  quite  while, 
similar  to  a  aoar  froni  baming,  or  fi-nm  the  application  of 
Hulphnric  acid.  At  one  time  the  nose  used  to  bleed  very 
readily  when  Blightly  touched,  but  it  had  not  done  so  lately. 
The  reactioD  of  tJic  nasal  macns  was  neutral. 

c.  The  maoouB  membrane  of  tli«  month  was  aliio  com-' 
l^etaly  oanethetic,  as  far  as  the  Kama,  tbe  tongue,  tbe 
iniwr  RurfHce  of  the  cbeeka,  and  tlie  hard  palate  wcro  con- 
cerned.   The  tongue  presented  a  moet  frightful  apectuc<lo, 
haTiD){  been  eererely  bitten  and  lacerated  in  every  direction 
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dariag  thd  Mt  of  tAking  food,  Uio  pntiunt  Wing  cntirwljr 
nnoonMtona  of  his  biting;  lli«  tonf^c  whetiovor  he  did  so. 
Soiao  parr*  of  Ihn  inner  iturfiici;  of  the  ch«^cks  had  ulso  bwn 
bitten,  wid  were  badly  ulveratod.  The  scon-tioii  of  buccal 
mnenA  vnu  so  oxcoftrivo  o»  to  olil!^  the  pnticnt  to  hnre  n 
poekot-hAtKllttTchief  coualtiully  n|iplied  to  the  nioutli,  in 
order  to  prvvrnl  the  liiiuid  fmni  ruiminj;  down  tlio  rhiii. 
Tlifl  li|M  appeared  oorered  with  it  siort  of  froth,  siioh  as  wo 
see  in  a  |taticntwhoha«JDKtcoinc  out  of  Hn  cjuloptic  attnok. 
BoUiooniera  of  the  month  were  very  sore,  tietnf;  mawratcil 
by  tli«  coiMtaot  flow  of  mncii*.  The  renctioo  of  Iho  liquid 
wva  alight  ly  alltaline. 

Tlie  inaeoaibility  of  tlio  )^ina  was  lo  complptc,  that  on 
one  oceanon,  wlivn  th«  patient  had  a  tooth  drawn,  hr  felt 
notUn)^  whatever  of  the  oporatioo.  The  remaining  teeUl 
wore  poriVetly  hralLliy. 

The  KMiM  of  laato  waa  not  lost,  for  tbc  patient  tasted 
tagtr,  quinine,  and  salt  on  the  front  as  well  as  on  the  back 
part  of  the  tongue ;  y«t  in  tbe  anterior  portion  of  tlut  ot^gan, 
the  pere^>tw)n  of  taste  seemed  to  have  lost  its  quioknoMi, 
for  while,  on  mr  applying  Nnpid  unbslAncr.t  io  the  poa- 
lerior  [lart  of  il,  the  patient  would  at  once  oxclaim  ■  «weot,' 
*  bttttrr,'  '  Halt,'  lie  took  about  Gve  or  nix  scuonds  on  the 
front  part  of  ihe  tongue,  to  describe  the  taste,  but  bo  never 
made  a  aingle  mi>tiiko  tlierc.  He  atitn  purecivcd  the  gal. 
vanio  taato  of  five  cells  of  Daniell's  battery,  if  directly 
appltod  to  the  tongue, 

St^  TU  ifiMcioD  •>/  MiutiMtion. — The  muscles  of  manti- 
cation,  which  are  animated  by  the  minor  portion  of  the  (IfUt 
nvrve,  had  not  escaped  tbe  pathological  influeuce.  At  one 
liiiw  tJio  ttxnpoisl  and  massnter  miuic1c<s  which  move  tho 
jaw  upwards,  were  oompletely  paralysed,  so  that  it  dropped, 
as  in  a  d«*d  body,  nod  tho  moath  waa  atwny*  open.  Both 
ptciygoid  niosoles  being  also  completely  paraljaed,  marti* 
cmtion  was  reudored  impoasiblo ;  the  patient  novcr  maatica- 
led  iba  fuod  ha  took  for  aixtoen  months  conaocutivoly.  He 
tborofOTo  obliged  when  talcing  solid  food  to  bare  it 
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out  roT^  smtiW.  and  titeo  bolt  it,  Curiouslj  eoonffh,  dig 
haul  Dovrr  miircrad  in  conNvqnvncc  of  tbc  want  nf  nuxUc 
tion,  whicb  1  think  must  bti  c-iplaiued  bj-  tlui  oircnnuianoo 
tlmt  n  tborongb  moislcning  and  Nanking  of  lli«  food  t«kc 
with  a  oligbtly  alkailtne  liquid,  went  on  at  leaaloa  copto 
lu  it  could  faav*  dona  bofgni,  owing  to  Ibo  pathologicol 
lifper-aocntion  of  bnocol  mucus,  of  whioli  I  li»ve  nlrvndy 
spoken,  and  wbi«b  tlioroforo,  in  this  com,  soetnod  to  exwciM 
a  kind  of  oompcnsatiug  influcuve. 

I''nr  Bcrernl  niniillis  prcvitug  tn  the  paiient'a  ooniing 
nudcr  my  care,  Ibu  voluuUvry  power  hrul  gi^tdunlly  mtnrncJ 
in  tfap  tcmpond  and  rnassotcr  mnsclcB,  so  tbat  the  uiotitli 
oould  be  closed,  and  the  verlival  raoveinenu  of  ouurtiattiaa 
worn  wv'll  cnrriod  out.  Tho  pterygoid  muscles,  bovr«T«r, 
ri'iuiuiivd  pnral;^8ed,  so  that  the  lateral  tnoTOmenUi  of 
tfai^i  jnw  irrrc  tmpowibio.  JIo  hiid  aliio  great  difficulty  in 
putting  out  Iiiit  tongue. 

Other  iDDsclcs,  animated  by  the  minor  portion  of  tbo 
fifth  nerri',  are  the  niylobyold,  the  digutricos  antJcns,  tbs 
teusor  jialuLi  uiuDiH,  and  the  t«uiior  tympuii.  As  regards 
tlu>  tJirco  first  nnmnd,  no  morbid  ayniptioms  oould  he  di^ 
corered  showing  that  tliuy  were  panilym>d.  Tlic  piwition 
and  function  of  the  eoft  pulato  were  in  no  way  altorod, 
wtiicli  i)i  probably  due  to  the  circniniitanoo  that  Ihc  truKiir 
palati  niollis  receives  ucrvons  lilnvfi  not  only  fi-oin  the  iiijuor 
portion  of  tliu  tnfucitil,  Init  alno  from  the  pneumagoRtns 
and  Ibo  accessory  riervo. 

Thi*  patient  cumplniood  of  a  continnoao  ruiibing  ooiso  in 
the  hcarl.  wliicli  be  campvcd  tn  that  niade  by  the  paddli-- 
wIi(tI  of  u  Htcara-hoat.  It  would.  bow<>rcr,  bo  difficult  to 
determine,  at  present,  whether  thin  Byin]>loui  was  dae  to 
paralyma  of  tliu  motor  fibres  animating  the  trnsor  tymf 
inuRole,  or  to  am^fithesia  of  the  ecnlieut  pctrunUH  mipo 
fioialix  minor  nerve,  which  protHHsd*  from  tbo  ganglia 
Olicam  to  tbo  tympanic  plexus  of  nervea. 

Tha  sonjo  of  Ucnriug  woa  perfi'ur.ly  normal. 

llw  speech  was  rather  thick  and  indiatioot,  in 
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<liioiicc  of  th«  hoeittUd  cooditioo  of  the  ton^*,  bnl  not 
(Vom  uiy  afieolion  of  tJie  bypo^loHHUrt  ncire. 

All  Ui€  rvRuuning  pfirtn  of  the  norroos  system  were  in 
Ijood  cundiliiMi :  nor  was  tUoro  an;-  diitonlcr  of  tlii;  cbori, 
stpmocb,  Kvor,  bow^ln,  xkin,  or  ccmitn^urinarj  organs. 

Tbei«  wna  do  IiisloTy  of  scrofula  or  Njrphiliii. 

Sodt  bang  tho  condition  of  the  patient,  no  real  difficulty 
oould  bti  oxperienoed  in  dctorminiog  tlii^  uaturo  and  l-moI 
twat  of  tbo  pathological  lodon.  Tlic  patient  lisd  evidently 
anflhrtid  rrom  rbmmatie  influninuiiun  of  tbu  ncarilemma, 
lint  aftiie  left,  and  aft«rwards  of  the  n(;)'t,  trifaiHal  uvrve, 
wh«rv  it  onoTgm  from  bt-twcvn  tbc  traatverK  Bbm  of  tlw 
{HWi  TaroUi  at  tli«  baae  of  tbo  brain.  This  infiaimnation 
bad  re«alt«d  in  (>ff'osinii,  and  sobsmiamt  compression  and 
atrophy  of  nervous  matter. 

T\m  affection  hod  to  bt-  traced  to  tlic  ncrve-tmnk  at  the 
baM  of  thv  brain,  unil  ni>t  to  any  motv  peripheral  part, 
bteaM»  not  a  single  fibre  of  tli«  trifacial  nerve  hod  vecnped 
tho  injury;  if  tlie  leaion  had  been  nure  pariphoral — for 
inslauoc,  if  it  had  been  confined  to  the  GaMeriau  fcan^lion— 
Uw  nnaolot  of  nuuittcation  wonhl  not  havo  imflcred.  At 
the  same  time  it  was  evident  that  Uie  disease  conld  not 
liaTc  iipraad  to  the  pona  Varolii,  bccnnse  tJuira  was  an  en- 
tire absence  of  all  symptoms  which  occur  in  disease  of  the 
|Kina.  The  lesion  wa«  therefore  confined  to  tJio  coureo  of 
the  fifth  nervo  between  the  ponsand  the  Gaeecriaii  Kauitlion. 
An  tlw  caso  did  not  i^nd  fatally  it  wna  impowiiblo  to  verify 
the  diagftoaiu  by  actual  inspection,  which  however  conld 
liavv  added  but  little  to  tbo  pathology  of  the  case. 

Witliout  cnturing  afc  prcHcnt  into  ull  the  points  of 
iatereat  id  phj-aiulo^^  and  patliologjr  upon  which 
tbe  case  just  related  ia  apt  to  throw  aome  light,  I 
will  only  make  a  few  remarks  on  the  curiouB  fact  of 
the  abseucf  of  cerebral  ^yiuptomx  during  tlm  apjiUcik- 
tioo  of  a  powt>rf\tl  contiuuoiui  cummt  to  tliv  ht^ad. 
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Iiid««d,  it  WW  onlj  by  increasing  the  power  of  the 
current  to  such  a  degree  *»  to  mnitc  the  faint  remnant 
of  senstbOitj  of  the  triCocial  uervv  tJia,t  a  slight  fool- 
ing of  giddiness  was  canaed.  Now,  an  the  physical 
relations  of  the  skull,  brain,  and  blood-veeavU  wore  in 
iw  way  ftlt«rtf|  in  this  case,  there  ought  to  hare  been 
no  alteniLiou  as  roguds  the  production  of  cerebral 
symptoms,  if  M.  Erb's  thuorj-  were  correct;  but,  as 
there  wan  a  decided  diminution  of  cerebral  reaction, 
it  i»  Hiitisfactorily  proved  that  the  transmission  of  the 
coutiiiuoiifl  galvanic  current  to  the  brain  is  effected 
not  physically,  but  physiologically,  by  iierrous  action. 


II.— ACnOX  OF  THE  ELECTniC  CinjRENT  ITTOK 
THE   SPINAI,  CORD. 

Profi.'Httor  Wobcr  haa  observed  that,  if  an  induced 
current  ia  appUod  to  the  spinal  cord,  one  electrode 
being  directed  to  the  upper,  and  tlie  other  one  to  the 
lower  extremity  of  the  cord,  aJl  the  miisclcfl  of  the 
tnuik  and  of  the  oxtreuiitie*  ore  thrown  into  tetanic 
conrulfliona.  The  stuno  occnra  if  one  electrode  is 
placed  to  the  anterior,  and  the  other  one  to  the  pos- 
terior, surface  of  the  upper  portion  of  the  cord ;  and 
likewise  when  both  electrodes  are  apjilied  to  iU  lower 
portion,  pn-vid.'d  that  (lie  integrity  of  thv  organ  haa 
not  been  destroyed.  Hence  it  would  rosult  that  the 
cord  ia  the  nerrous  centre  for  all  the  muscles  of  the 
trunk  and  the  extremities ;  for  if  the  cord  were  only 
the  common  trunk  of  all  the  motor  nerves  emerging 
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from  the  Tcrtcbml  catuU,  tlio  application  of  the 
induoMl  cturent  to  the  lower  portion  of  tlie  cord 
wonJd  only  prodace  a  conTaUioa  of  the  hind-legs, 
bat  not  of  all  four  extremitiea.  If,  however,  the 
itpiiiiU  cord  i»  divided  in  the  middle,  nnd  the  lower 
half  'u  Uicji  submitted  to  Uie  eloctrie  atimuluB,  only 
the  muscle*  of  tho  hind-le|*8  enter  into  oontruction ; 
aod  fvon  if  both  piirt«  of  tho  (.'vrd  are  made  to  touch 
oti>-  another  closely  atthoxe  points  where  the  section 
]i  I  i>  II  made,  eo  that  there  ia  no  impedtment  to 
t)j  I  !-.  of  the  electric  current  to  th«  upper 
|>onioti  'A  t  iie  cord,  the  muwJe*  of  tho  upjKT  vxtrew- 
itied  iievL-rtheleM  remain  perfootly  quiet.  From  this 
Profemtor  Weber  has  inforrud  that  the  conmlsions 
daieribed  are  not  prodaoed  becanae  the  electiiv 
enzreot  is  trvismitted  from  the  coni  to  the  motor 
nerrea,  hut  because  the  paMnu^-  of  the  electric 
current  excites  the  action  proper  of  the  cord,  which 
in  its  turn  excites  the  property  of  the  motor  nerves 
to  produce  commotions  of  the  muscles.  He  also 
obserre*!  that  the  tetanic  coDTulsions  produced  in 
tho  extremities  bj  the  same  ueaiui  continued  for  a 
Certain  time,  sst  half  a  minute,  afW  the  cessation 
of  tJie  currt'nt ;  while,  if  the  unterior  mota,  or  the 
mixed  nerves  were  excited,  tlie  commotlous  dtiui{K 
peared  immediately  aAer  the  circuit  had  been  bn>ken. 
If  the  s|iLnal  cord  be  subjected  to  tho  action  of  a 
continuous  current,  convulsions  of  the  extremitiea 
ire  produced  on  making  the  circuit,  but  if  the 
current  continues  to  traverse  the  cord,  an  inhibitory 
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effect  is  mused,  whaU^rer  nuiy  be  ihe  |M>int  to  wbicb 
the  polett  ari>  din>ct«<i.  As  lonj;  us  tlie  cord  ia 
traversed  by  the  continaous  curront,  it  rQiniiins 
ioBensible  to  a  stimulus  which  may  be  nppliod  to  it. 
Thuti  we  may  prick  the  cord  by  a  pin  or  excite  it  by 
an  induced  curront,  and  tlic  t^xtremitiefl  will  nerer- 
thcIcHs  a'mniu  purlV-ctly  qui»t ;  but  ut  the  cessation 
of  tlie  continuous  current,  mcctumieol  or  electrical 
exdtaiion  of  the  cord  will  again  give  rise  to  tetanic 
convtilaiona  of  the  limbs.  It  was  first  pointed  out 
by  Baierlacher  '  that  tliis  diminution  of  excitability 
is  confined  to  the  spinal  cord,  and  does  not  extend 
to  the  motor  nerves  and  muscles ;  for  if  an  induced 
current  ia  applied  to  the  motor  nerves  of  the  hind 
legs,  while  at  the  same  time  the  cord  is  being 
tmrersed  by  a  continaous  current,  commolioiie  ore 
prodnoed  in  tho  muscles  the  nerves  of  which  are 
submitted  to  the  action  of  the  induced  current.  The 
inreree  continuous  current  appeon  to  hare  a  more 
powerful  inhibitOTy  action  on  the  spinal  cord  than 
tlie  direct  current. 

Weber's  eii)eriment«,  although  carefiiHy  performed, 
have  not  been  entirely  eonflrnied  by  other  obserrors. 
Thus  Tan  I>een,  Sehiff,  and  other  physiologists  con- 
tend tliat  the  substance  of  the  cord  itself  does  not 
respond  at  all  to  the  electric  stimulus,  and  tliat  if 
convolsious  are  observed  in  consequence  of  such  ma 
application,  this  is  due  to  the  propagation  of  the 
electricity  to  the  roots  of  the  spinal  nerves.     En- 
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en  and  Fit^k,  however,  support  Weber's  aaaer- 
ans.  Wislocky  found  tbat,  it'  Uie  inducvxl  current 
was  ftpplied  to  the  upper  portion  of  tlio  cord,  it 
caiutid  totoniti  contractions  of  thu  lower  extremities 
Bnly  if  piirt  uf  Uie  current  was  diverted  to  the  roots 
le  lower  spinal  uerveB. 

I  Mayer,*  who  has  made  the  latest  experimontii 
on  this  sabject.,  hu  shown  that,  if  u  gentle  induced 
at  was  caotiousl^-  applied  to  the  cn-nieal  portion 
'the  OOrd  in  fro^,  which  were  highly  excitAble  at 
lie  tiniL*,  •  orderly  movements '  of  the  lower  extremi- 
took  place ;  and  these  movementa  were  more 
sily  prodiiced  by  electrisation  of  tlie  posterior  thiut 
'of  thi.-  niitvriur  uultmitiM.  Thv  diBoreneu  appeared 
moat  striking  in  the  upper  intumescence  of  the  cord. 
\er  the  posterior  oolnmns  had  been  carefully  re- 
red,  no  further  movements  t*)ok  pUce;  but  if  the 
wu»  divided  into  an  anterior  iind  jfOKterior  half, 
of  which  wera  connected  jii«t  above  the  origio 
Ute  sciatic  nerve,  electrisation  of  tlio  posterior 
If  was  effective,  and  of  the  anterior  half  ineffective. 
iThe  same  power  c^  current  which  caused  movements 
"applied  to  the  cord  itself,  produced  ihem  if  applied 
'  post«iior  roots  on  the  trunk  of  the  brachial 
These  observations  seem  to  point  to  the 
[luclusion  that  the  movements  which  have  been 
red  after  eleclrisation  of  the  cord,  are  only 
reflectory,  and  cauBcd  by  the  stunulation  being  trans- 
ferred to  the  posterior  roots ;  but.  further  investiga- 
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tions  of  tiiw  subject  are  neocRnry  bcforo  exitct  notions 
of  the  mode  of  notion  of  electricity  on  the  cord  can 
be  formed. 

Profc««on  Bujgc  luid  Waller  have  ob«erved,  that 
the  pupil  becumm  dilutud,  if  the  induced  current  is 
applied  to  that  portion  of  thi.'  cord  which  is  situated 
between  the  seventh  cervical  aiid  the  sixth  dorsal 
vertebra ;  and  this  has,  therefm^,  been  termed  bjf 
them  the  eilio-npiual  region.  Prom  this  part  of  the 
cord  tlio  excitation  is  lnuisuitt4.^d  to  the  cervical 
sympathetic  nerve,  which  tukes  its  rise  from  it,  and 
which  animates  the  radiar  fibres  of  the  iris  (musculus 
dilatator).  These  fibres  contract  energeticaJlj,  if 
Uie  cervical  siF-mpathetic  nerve  ia  excited,  and  conn- 
terbalaiioe  the  action  of  the  circular  fibres  of  the  iris 
(muaoiilua  conatriotor)  ;  thns  dilatation  of  Uie  pupil 
must  ensue.  After  the  svction  of  the  sympathetic 
nerve  the  pupil  becomes  constricted,  as  by  such  an 
operation  the  rodiar  fibres  of  the  iris  are  paralysed, 
white  the  circular  fibres  remain  in  their  normal  con- 
ueotion  with  the  nerves. 

Professor  Budi^e  *  Ims  discovered  a  similar  centre 
for  the  lumbar  poi-tions  of  the  sympathetic,  in  that 
portion  of  the  spinal  cord  which  corresponds  to  the 
fourth  lumbar  vertebra.  By  the  application  of  the 
induced  current  to  the  same,  powerful  contractions 
of  tlie  vasa  deferentio,  the  bladder,  and  the  lower 
portion  of  the  rectum  are  caused.  The  same  effects 
are  produced  by  stimulatiu|r  a  small  ganglion  situated 


•  Vncbow'*  Archir..  I8SS.  p.  llfi. 


rail.  ilI 


THE  SPINAL  CORD. 


lAl 


In  tlie  Deigbbonrhood  of  the  fifth  cemcol  vertebn, 
•nd  which  receir^  bnuicheH  from  the  third  and 
fourth  liiiiibiar  vert«bne.  This  ganglion  Budge  has 
eaWoA  thv  gmih-tpmat  gangium.  Tlie  section  of 
thi-  tfjmpsthctic  on  one  side  doo«  not  qnitu  prefent 
the  fffocts  of  thu  application  of  eU>ctricity  to  tlio 
ganfcUon  of  the  same  side,  although  it  uonsidorably 
diminisheB  them.  That  any  effect  at  all  is  pro- 
duced under  these  circuninlances,  is  due  to  a  pra- 
pa^tion  of  Uie  electric  stimulus  being  effected  bj 
aieuis  of  the  connecting  bnuicheii  between  tlie  nerrea 
of  both  sides. 

Whether  an;  form  of  electricity,  applied  in  moderate 
power  to  the  spine  of  the  living  mnn,  is  transmitted 
to  the  spinal  cord,  has  until  now  been  a  matter  of 
controvcny.  Jud^ti);  from  therapetitiml  eRect«,  T 
am  led  to  behere  that  static  electricity,  electro- 
tttHgnetiaui,  and  magneto-electricity  only  act  on  the 
icrvcK  of  the  skill  of  the  bocfc,  and  not  on  tlie  substance 
of  the  cord,  but  tltat  the  continuous  current  has  u. 
decided  action  on  the  latter.  M.  Krb*  is  incJinod  to 
think  that  the  bones  of  the  vertebral  column  offer 
leaa  TOsistunoe  to  the  passage  of  the  current  tlian  the 
slnill.  Tbey  are  more  spongy,  contain  more  water, 
and  the  w.-venLl  boDM  ore  separated  (W>m  one  onoUicr 
by  huye  and  numerous  lacuna},  fitted  np  with  blood- 
reasels.  nerres,  and  connectire  tissue,  along  which 
the  current  may  easily  penetrate  into  the  spinal 
There  is  howercr  this  difficulty,  that  we  can 
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only  apply  the  carrent  to  oue  surface  of  the  cord, 
and  that  it  cunnot  be  Ktit  right  through  it,  M  it 
maj  be  through  the  hnul ;  but,  on  the  other  hand, 
a  much  more  poweHul  carront  may  be  safely  applied 
to  the  cord  than  to  the  bniin,  wh^r^br  somo  com- 
penfiatiou  is  afforded  for  the  diitiidr&iitageous  aua- 
touiiciil  jMMitiou  of  the  cord. 

HL.  Erb  porformcd  the  following  experiment  on  a. 
deud  body  with  the  viavr  to  elucidate?  these  condi- 
tions:— He  removed  the  bodies  of  the  seventh  oerrioal 
vertebra,  and  of  the  first  three  dorsal  vertebne,  and 
the  dura  mater,  eo  lu  to  lay  the  cord  open,  tlie  porta 
Ifcing  ilriod  iis  ran^fully  »s  po«itiblL>.  Tliu  nerre  of 
«□  isolated  frog's  limb  was  then  placed  on  the  cord, 
and  tlic  poflitive  pole  of  a  ooostsnt  batteij  directMl 
to  the  mastoid  process,  while  the  negatire  pole  waa 
applied  to  the  sixth  dorsal  vertebni.  Contractions 
took  place  in  the  fWig's  leg  oti  opening  a^  well  as  on 
idoaing  the  circuit,  showing  that  the  carrent  actually 
passed  through  tlie  cord. 

Bxperimonts  on  the  liring  man  have  shown  tha.t 
it  is  poRsiblc,  by  applying  the  two  clectrodeH  of  a 
fioinewhat  pow«rfnl  constant  battery*  to  the  spine,  to 
produce  contractions  of  mnscles,  which  are  animated 
by  nerves  situated  Far  below  the  points  where  the 
electrodes  are  applied.  Tttiiit,  for  instance  if  one 
large  electrode  wn«  placi^d  neiir  the  first  donal  ver- 
tebra, and  the  other  to  the  spinous  process  of  the 
aecond  and  third  lumbar  rertebi-ffi,  and  a  current  of 
aomc   power   was   sent   through,   contractions  were 
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cftuMil  not  only  (n  the  mudw  of  tlie  back,  but  also 
in  tlie  tiaii)»trii)(;  uiiisdw  of  the  tliigb,  which  are 
uunuLtcd  by  tbv  sciatic  octtc  ;  care  being  taken 
that  the  direction  of  the  current  was  oconaionally 
rapidly  obonged  in  the  metallic  circuit.  By  ihix 
latter  proceeding  toitnir  aUemafivai  arc  produced, 
which  cousidembly  incrciue  tlie  oxcitubtlity  of  the 
Dorves;  H»d  after  sereral  snch  alternatives  had 
taken  [dai^e,  coutractions  of  the  Dame  musolea  could 
be  ooaaed  by  Bim|tlj  interrupting  tbe  current.  Thig 
shows  that  the  sciatic  nen'o  innst  haw  bvcn  ck^ctri- 
cuJly  acted  U[)on  witJiin  thv  spinal  caruU,  and  that  a 
continuous  cniroiil,  sufficiently  powerful  to  produce 
decided  physiological  cii'eets,  may  be  sent  thi-ough 
tbe  cord  of  the  living  man. 

It  will  bo  sJiown  in  another  part  of  this  rolume 
that  it  is  not  necessary  to  cauiu?  {min  or  muscular 
eontractioua  by  such  an  application  if  it  hv  intended 
to  affect  beneficially  the  motor  or  sentient  propertie« 
of  the  cord. 

Cm.— ACTION  uF  THE  ELKCTIIIC  Cl'RRENT  UPON 
■  THE  OROAiNS  OF  SVECIAL  SBNSB. 

ATI  the  different  forms  of  elertricity  are  capable  of 
exciting  the  uen'es  of  tbe  organs  of  apeciol  sense; 
the  effect,  however,  is  much  more  remarkable,  if  we 
employ  the  continuous  current  than  tf  frictionul 
olectricity  or  the  induced  current  are  used.  With 
to  induction  currents,  it  appears  that  tbe 
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magneto^electric  current  has  more  effect  on  the 
org^tuis  of  RonsOi  uiid  mure  especially'  upon  the  retina, 
Uima  tbc  «Iectro-ntuguetic  ourreut ;  which  is  probably 
doe  to  tbe  circonutunce,  that  the  vnriotionB  of 
the  nugnetOMjlectric  current  are  not  so  saddvu  and 
considerable  as  thoae  of  the  current  induced  hf 
voltaic  electricity. 

1.  Organ  of  Vision. — If  the  continuous  current  of  a 
single  galvanic  pair  is  caused  to  act  upon  the  optic 
nerve,  one  of  tlie  metals  being  placed  to  the  oon- 
jonctira  or  to  tlie  well-nioistciied  eyelid,  and  the  other 
Dietal  to  IJie  otJier  eye  or  eyelid,  a  faint  flash  of  light 
is  perceived  at  the  commencement  of  the  current; 
while  the  circuit  is  closed,  luminous  appeamncos  are 
only  seen  by  persons  whose  retina  is  highly  sensitJTO ; 
but  there  is  again  a  distinct  Bash  when  the  circuit  is 
broken.  This  11*,  of  coiir»e,  no  real  development  of 
light,  but  the  llaidi  is  only  seen  by  one  subjected  to 
tbc  experiment,  in  consequence  of  the  vital  energy 
of  the  optic  nerve  being  roused  by  galvanism. 

Sparks  taken  from  the  eominon  electrical  machine 
and  applied  to  the  eyes,  produce  also  luminous 
appearanoM,  thoagh  not  very  distinct.  Hie  elec- 
tricity of  the  electrophoms  machine,  if  of  Bomcwhat 
high  tension,  causes  a  continuous  perception  of  bluiiib' 
white  light,  together  with  pain,  and  spaamodie 
contractions  of  tlic  musclus  of  the  jaw.*  Electro- 
magnetism  baa  much  less  effect  on  the  retuia  thao 
the  oootiuuoos  current.     The  extra-current  of  oti 
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inchietion  "f^imt,  whicli  circolatee  in  a  short  and 
chick  wire,  luid  ha»  therefore  a  low  tension,  bus  do 
8ucli  cfliwt  nt  all ;  while  the  current  iudaced  in  a 
long  and  fini!  wire  has  a  slight  effect  on  the  rptinu. 
llB^neto-electricity  iLfit'ct«  tlio  optic  n«rvu  more 
than  eleotav-intigiiotisni,  but  not  xuMiiy  aa  mnvh  aa 
thu  oontiniioiu  carrent. 

Tbe  flimh  ut'  light  ]>erceived  in  oonaeqtience  of  t])c 
'■galvanic  stimutation  of  tlie  retina  appcim  coloured ; 
Jt  18  bluifib  wht>n  Uie  positive  pok  is  applied  nearest 
the  eye ;  and  Ructe  observed  that,  in  this  case, 
:  Mnaatjon  of  light  is  strongest  at  a  point  which 
ids  to  the  mocnla  lutea.  becoming  gradnally 
darker  as  it  a[i|irouo)ie8  the  [>iTipbery  of  the  field, 
wliile  if  the  negaUvo  pok<  is  dtn*ct«d  to  the  e;e,  a 
jrollow-reddish  or  orange-colourvd  light  is  perceived, 
which  appears  stron^at  in  the  peripherj  of  the  field 
^and  gradoally  darkens  towards  the  centre. 
^B  Porkinje  has  made  an  extensive  aeries  of  observa- 
tion on  tJiis  sabject ;  bnt  no  other  observer  has  been 
^^Ue  to  confirm  hi»  results;  and  it  is  therefore  probable 
tliat  tliu  extraordinary  appraranoes  ho  hiui  described 
I     were  dae  to  a  b^'penMthetic  condition  of  tlic  retina 
brought  on  in  bim  bj-  over-stimulation  of  that  organ. 
The  luminous  appearances  just  described  are  pro- 
duoed  by  reflex  action  from  the  sentient  fibres  of  the 
trifocinl    nerve   to   the   retina  ;    and   they   may   bo 
j    poroeived,  whatever  be  the  position  of  tiio  poles,  pro- 
vided that  one  of  them  touches  a  point  of  the  skin  or 
of  a  mocouB  membnuic  uuimatcd  by  a  filament  of  the 
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fifth  pair.  It  ib,  therefore,  uuncixiisitr}-  to  touch  ^ne 
or  both  ej-eboUa  or  e^-elids;  we  may  i>crceivc  thi* 
Bu«li,  for  instance,  if  one  pole  be  directed  to  tbe 
Schnoideriaii  mi>mbnuio,  nnd  Uie  otiier  to  the  mucoos 
iDeiiihratif  of  thu  cavity  of  the  motitli.  Hr.  George 
Qntiter  obserred,  that  by  placing  one  of  the  metub 
as  high  up  iLB  posflible  between  tbe  ^ums  and  the 
upper  lip,  and  the  other  in  a  Biroilar  aitnation  witli 
respect  to  the  lower  lip,  n  flaah  wiut  produced  as 
vivid  a»  tliat  occasioned  by  puwiing  one  of  the  uiot^tU 
up  the  no«o  and  pluciuff  tlie  other  upou  the  tongue.* 
It  differs,  however,  &om  tbe  Qaah  produced  in  aoy 
other  way  by  the  singular  circumstance  of  not  being 
eontitied  to  tlie  eye  ntoue,  but  appearing  diffused 
over  the  whole  of  the  face.  The  flash  may  nlso  be 
perceived,  if  one  pole  is  placed  in  the  mouth  and  the 
othi-r  in  the  rectum  ;  this  experiment  was  first  made 
by  SI.  Achard,  of  Berlin.t 

The  flash  becomes  more  distinct  and  of  a  stronger 
colour  on  darkening  tlic  room,  ilikI  Humboldt  relates 
tliat,  during  stornis,  the  effect  of  galvanism  upon  the 
eyes  is  mo««t  remarkable.  Fowler  made  the  eicpcri- 
ment  on  hiraHolf  at  a  time  when  one  of  hia  eyes  was 
influmed,  und  noticed  that  the  flitsh  produced  in  the 
iuflanied  eye  was  much  more  considerable  than  in 
the  uuLnOnJiied  one.     On  tlie  other  hand,  Humboldt 


■  Rxp*riiiMinl«  unA  OlnprrftliniHi  rvlaliv*  to  Ihn  Inflnenco  taiolj  iLiif 
rvvvnd  liy  W.  (Ulrnni.  nnd  commiiiily  cbHoH  Animiil  I^iielrialy.  By 
Riclunl  Funrlrr.     EdinkurBli.  ITUa.  |i,  04. 
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atat«8  that  when  be  waa  liffected  by  a  bod  eold  be 
wsM  not  able  to  perceive  the  fliuh  at  all,  ovoti  it  be 
'  nadv  iigo  of  ui  othcrwiiid  moat  eflicucious  airaiige- 
ment  of  the  metals. 

The  iuteosit^  of  the  flaiih  is  directly  proportionftl 
to  the  intensity  of  the  current  cniptoyod.  and  in- 
versely {irojHjH  iotiul  to  tlic  resistance  offered  to  the 
ptuHogo  of  the  cumont.  A  fla«h  is  produced  by  a 
very  fc>eUc  cummt,  each  as  ie  excited  by  a  half- 
crown  piece  and  a  penny ;  it  in  more  distinct  if, 
instead  of  copi>er  and  silver,  tinfoil  and  silvtrr,  or 
zinc  and  goli1,iu«  used.  Thcexcitationof  the  retina 
producL*d  by  a  pile  consisting  of  a.  nnmber  of  pairs,  is 
very  violent,  and  instantaneous  bliiidnes.t  may  ensue 
IVom  it.  Duehenne,  who  wait  unaoqtiaintiMl  with  the 
power  of  the  continuous  current  to  excite  the  retina, 
in  this  ri.-miirkable  manner,  rslatcs  a  case  which 
fully  proves  the  practical  importance  of  the  know- 
h^dge  of  the  physiolof^cal  efiectR  which  electricity 
will  inviirinbly  produce.  He  galvanised  a  patient 
sufferini^  from  pumlysis  of  the  porlio  dura,  ut  first 
by  tlie  induced  current,  and  afterwards  by  the 
coutinaons  current  of  a  pile.  Immediately  after 
the  elvctroden  of  the  pile  had  been  applied  to  the 
face,  the  patient  exchiimed  that  he  saw  the  whole 
room  in  a  bhize :  he  afterwards  compliuncd  of  having 
lost  his  night  on  that<  side  where  the  eloctrodea  had 
bven  a{>p1ied:  and  be  never  regained  it.  Dnchenne 
cbiiinH  for  himself  the  discovery  of  the  special  action 
of  galvanisni  on  the  retina;  but  tliia  was  already 
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known  to  Volta,  before  tlie  commenoement  of  the 
present  cent  ut7. 

If  the  rcflistoiioo  to  the  posMge  of  the  current  be 
^reat,  the  flash  porceived  in  consequence  of  the  gal- 
Tiinic  excitation  of  the  retina  is  very  feeble.  Thus, 
if  the  two  metals  are  applied  to  the  face  at  two 
points  where  the  slciti  ia  quite  drj,  the  flash  is  much 
le88  vivid  tlian  if  the  akin  be  prerioiwly  nioi«tcnod. 
Benides,  the  flash  is  stronp^or  if  the  electrodes  are 
directed  to  the  conjunctiva,  or  to  tho  Schneidcrian 
membrane,  or  to  the  mucous  membrane  of  the  cavity 
of  the  mouth,  than  if  they  are  applied  to  the  skin  of 
the  fiioe ;  since  the  delicate  epitbelinm  of  the  mucous 
membranes  oflens  much  less  rofitstunco  to  the  passage 
of  the  current  than  the  epidermis. 


2.  Oryan  ofSmdl. — We  have  already  seen  that  near 
the  electrical  machine  when  in  action  a  peculiar 
smell  is  peroei?ed  which  is  tuiif  sulphurous  and  half 
phosphoric.  It  was  formerly  believed  thnt  tliis  odour 
wu  due  to  a  peculiar  stat«  of  the  ollactory  nerve 
exoit«d  by  electricity ;  but  it  is  now  well  known  that 
it  is  due  to  the  development  of  oume  (p.  \). 

Neither  the  common  electric  sparks,  nor  the  elc 
tricity  of  tho  elcctrophoriis  unichine,  nor  electro-' 
mttgnetitun,  nor  maguelo-electricity  have  any  effect 
in  exciting  a  peculiar  smell  when  applied  to  the 
mucona  membrane  of  the  nose.  By  applying  these 
forma  of  electricity  to  the  Schnciderian  membrane  a 
more  or  less  disagreeable  sctatclung  and  tickling  is 
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oaaBed,  owin^  to  the  irritation  of  the  sentient  nenros, 
with  which  tbia  membrane  ia  richly  endowed ;  luid, 
by  reflex  itction,  sneezing  ia  often  pro<lHO(.*d. 

The  continuoiu  ctinviit  is  tlie  only  kind  of  electri- 
(Hty  which  is  capablo  of  rousinjf  thv  vitji]  energy  of 
tbtt  olfactory  nerve.  Bat  in  order  to  effect  this,  u 
oarrent  of  high  tension  is  retiuired,  such  ns  ia  hardly 
possible  to  bear  for  more  tJiau  a  seoond,  on  account 
of  the  roBcomitftnt  symptoms  of  dazzling  flashes  of 
light,  gtddineu,  and  fiuntn<'»s  which  it  indnces.  The 
COM  which  hu  been  rt'lutud  itbove  {p.  141)  shows  that 
when  the  function  of  the  6^  pair  is  in  abeyanoe, 
the  pecnliar  smell  due  to  the  gatranic  stimulation  of 
tho  olfactory  nerrn,  is  pcrceirc-d  without beingoocom- 
panied  by  any  further  inconvenience. 

IUtt«r  *  has  experimented  npon  bis  own  Schuei- 
deriaii  membrane  with  the  current  of  a  voltnic  pUv 
of  twenty  pairs,  niid  says  that  the  inconvunicnee 
cauitod  to  biiD  by  tbt-  oxp«rimont  wa«  '  awful.' 

Ho  gives  a«  the  result  of  his  researcho^,  that  a 
pM'uliar  Hmcll  vma  perceived  at  thv  conunenoement 
of  the  current,  while  the  circuit  remained  closed,  on 
opening  the  circuit  and  some  time  afterwords.  The 
eflbctawerodifl'crentacoordinf^to  the  direction  of  the 
current.  If  it  wax  inn'rHe,  he  observed  at  th«  com- 
mencement of  the  cnrrent>,  and  while  tho  circuit  was 
eloawd,  an  acid  smell  and  toss  of  the  capability  of 
•Dceziug;  at  tho  conation  of  the  iuTerse  current, 
and  a  short  time  after  ths  circuit  hod  been  broken, 
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be  pcro(^ire<]  iin  ummoninml  smell  uid  dispositioD  to 
Bncvzinf;.  If,  on  tJie  ofht>r  liainl,  iho  direct  current 
was  usvd  mst«.>a<l  of  tli»  invemu,  tlii-  oontrary  occurTcd,'^ 
viz.  ammoniiical  etnell  and  diapositioii  to  sneozitig  on 
estabtiabing  the  circuit,  and  while  the  current  con- 
tiuued  to  paatt ;  and  aji  acid  smell  and  losa  of  the 
eapubilityof  iinoexiug,  on  breaking  the  circuit,  and  a 
short  tintc  iiller  it  bad  been  broken. 

I  regret  that  I  have  not  been  able  to  verify  Hitter's 
observationa  in  any  ainple  particular.  The  oondiUon 
[tf  the  brain  durinp  the  pasBiige  of  such  a  powerful 
it  ns  is  necesiiary  for  afiecting  the  olfactoiy 
nerve,  is  not  favourable  to  accurate  observationa ;  bnt 
I  certainly  nevur  fylt  during  tbiit  time  either  diapo- 
aition  to  sneezing,  or  that  peculiar  Eensation  which  is 
coiuititatfd  by  *  loss  of  the  capability  of  aneemig.' 
The  smell  waa  neither  anunoniacal  nor  acid,  bot 
phosphoruusi,  and,  as  far  as  T  have  been  able  to  judgo,j 
there  wu«  no  diifereuou  whether  the  current  w> 
direct  or  inverse.  The  patient  whose  case  is  described 
on  p.  137  never  sneezed  during  the  application  of  tiie 
current  to  the  uo»e,  uor  did  he  feel  any  inclination 
oraTerBionfVotn.8neer.iufr;  and  hiit  stAtcmcni  on 
natiire  of  tlie  iimcli  woh  that  it  was  something 
sulphur  or  phosphoniB. 


8.  Organ  of  Heariag. — Static  electricity  appears  to 
have  no  special  eflect  on  the  organ  of  hearing; 
both  tlic  continuous  and  the  induced  current  urv  able 
to  rouse  the  vital  energy  of  tlie  auditory  nerve,  whickj 
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responds  to  the  sMmnhu  by  sounds.  Tlie  best  vmy  to 
make  thu  cxpi'rimciit  U,  to  fill  thv  Dxt^-rtial  opvning 
of  the  ear  witL  wiit<.T,  tbo  ponon  cxi>«>riint>Dt«.'iI  upon 
lying  on  thv  sidu;  an  iiuuliited  Huund  with  a  metallic 
top,  and  connected  vritb  on«  of  the  poles  of  the 
buttery,  or  iiidut^tion  apjianttus,  is  then  htdd  in  tbo 
liquid,  and  tbo  circuit  ix  clowd  by  pliieiiig  luiother 
moisttinud  conductor  on  the  uupo  of  tbc  nvck. 

If  the  continuous  cunvnt  is  used,  Bound«  may  be 
produced,  not  only  at  the  commencentent  of  it,  but 
abo  wliiiu  tlio  circuit  reiimins  closed,  and  on  opening 
iha  sitme.  Vultu*  relates,  in  a  letter  to  Sir  Joseph 
Bunks,  tlutt  when  be  introduced  tbo  jwlcs  of  a  pile  of 
from  thirty  to  forty  pairs  into  the  extemu)  opening 
of  the  vnr,  he  felt  a  shook  to  his  head,  and  some 
ui0Di<jnt«  afWnit-iirds  be  heard  it  sound,  or  ratber  & 
uoiao,  like  ik'nitobiiig  tiiid  Imhbling,  or  like  tluit  of  a 
riacid  mibstatice  boiling.  This  noutc  continued  with- 
out interruption,  luid  bucuuie  even  8trongi<r.  until  th« 
circuit  was  opened.  But  sounds  may  bo  produced  by 
incline  of  a  uiuch  feebler  current,  such  as  is  produced 
by  a  liuttery  of  Irom  three  to  four  pairs.  The  effect  is 
gcuerally  stronger  if  the  negfttire  pole  be  applied  to 
the  ear. 

Tbo  action  of  the  induced  current  upon  tbo  dnim 
ofUio  Mr  presents  some  diflerences  according  to  Ibe 
Umsion  of  the  electricity,  and  the  greater  or  leva 
velocity  with  which  the  alioeks  sucoee<I  aich  other. 
A  single  shock  from  on  induction  apparatus  producer 
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a  Roisfl  like  a  scratch ;  if  th&  currenis  8ucco«d  each 
uther  rapidly,  the  i)oiiiiL>s  do  bo  likewise,  and  tJjeii 
reeemble  the  buzzing  of  a  fly  on  a  window,  or  Ihe 
blow  of  a  distant  trumpet.  At  the  some  time  u 
Beniwtion  of  prifking:,  and  even  pain,  ia  perceived,  if 
tho  cum-nt  be  of  hi^rh  t4?n8ion. 

RittfT  was  thp  first  who  t-ndmTOiin.'d  to  distui|r|]ish 
the  pitch  of  the  ton©  produced  by  thf  pUvantc  excita- 
tion of  tlie  drum  of  the  ear.  Ue  states  that,  n'hen 
both  liii  cois  were  enclosed  in  the  circait.,  he  felt  at 
the  oommenoomcnt  of  tlte  ilircct  cnrreut  a  BtiMiDg 
shocks  and  hoard  the  sound  g.  Thia  persi8t4.*d  us  long 
aa  tho  direct  current  contiiiubd  to  circnlatv ;  if  tliu 
intensity  of  tho  ciin^iit  waa  augmented,  the  soniid 
became  higher  than  g.  On  tJie  contrary,  when  the 
inverse  current  wiw  usetl,  the  sound  was  lower  than 
g,  und  continued  to  Wcome  lower  in  proportion  as 
tho  intt'nirity  of  the  current  was  increased.  Both 
sound  and  shock  nere  weak  on  breaking  the  circuit, 
whether  the  current  was  direct  or  inverse. 

I  have  made  a  number  of  exi»eriinent8  with  all 
sorts  and  dircctiunx  of  currentsi,  und  comparctl  tlio 
sound  produced  by  tho  gnlranic  cxcitoiiou  of  the 
auditory  nerve  with  that  given  by  a  tuuinff  fork  of 
the  present  philharmouic  pitch ;  and  I  have  always 
found  the  sound  produced  by  electricity  as  near  as 
possible  to  i.  1  have  never  obaeiTed  that  by  changing 
the  direction  of  the  current,  or  by  increasing  its 
intensity,  the  pHrh  of  the  sound  was  c1iiuigc<l;  tho 
only  difference  I  have  perceived  was  In  the  iNtouify 
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»f  the  tone.  It  WM  Imiiler  if  the  nof^atiTO  pole  vnw 
iliivotcd  to  tlic  <4ir,  mid  t1i<.-  posit  iv«  tu  tho  nnp«  of  tlio 
nock,  than  if  the  position  of  the  poles  was  reversed. 
The  tone  was  liardly  perceptible  if  n,  oumnt  of  low 
tension  wiw  uxod,  iind  very  lond  if  it  wiu  of  high 
t<.-tisioD ;  hut  tho  pitch  inrartiibly  romsinod  tho  sitmc. 

If  a  aomewhat  powerfnl  c^ontinuoiia  cum-nt  be  nsed, 
it  is  not  necessary,  for  the  response  of  the  anditorj 
nerve  tn  take  place,  thiit  one  of  the  poles  of  the 
Imttm*  should  be  in  the  ext^niiJ  meittn«;  but  it  is 
ipiKo  MiiDtciL-nt  to  touch  with  tlic  electrodes  any 
portion  of  the  sldn  of  the  fuoe  or  hcud  aniinntod  bj 
the  fifth  pair  of  cerebral  nerves,  Thus,  on  uppl^g 
a  current  of  fortj  rells  of  Daniell's  battery,  by  lueiina 
of  uioi«teiied  conductfirs,  to  both  cheeks,  I  not  only 
porcoirfi  sottintioiii  of  glddineBS.  pricking,  heat,  taste, 
itmell.  mid  fliiahea  of  lij^ht.,  but  I  aLio  hear  a  distinct 
hissing  sound,  resembling  the  gushing  of  the  wind 
thrfiiigh  the  rif^ging  of  n  ship.  It  is  therefore  evident 
that  the  effect  of  tlie  continuous  carrcnt  on  the  organ 
«f  hearing  ttikos  phioe  by  refler  action  fW>m  the  peri- 
pheral brniiches  of  tlio  trifacial  to  tho  auditory  nervej 
at  the  base  of  the  brain. 

Dr.  Brenner,*  of  St.  Petersburg,  lias  made  th« 
latMt  researcheR  on  tlic  action  of  electricity  upon  the 
auditory  nerve.  According  to  him  the  induced  cur- 
rent ut  ulmoat  ueelcu  for  experiments  of  this  kind, 
*  I7at«f>iirhiin|I*n  nnil  n«o1>MhtmgMi  Vbrr  <Uf  VHritang  «l(kirin*hor 

MirAiiu-  itwt  Hm  ni-hiininnin  iw  itnaliiba  itml  kntnknn  '/.tatAtiir. 
I^(itt)(,  IKAH.  Ami  a  DUiiitMr  of  pnpir*  m  tlil&niiit  j«rA*ticula  ttiaa 
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becuus«  tlio  nipiilitj:  n-itb  whii-li  induction  currmts 
sacceeil  Cftcb  other,  produce  Iti^lilj  implO'U«ant  effects 
on  the  nerves  of  common  sensation,  nitliout  nctin;; 
upon  tile  nerve  of  special  aense.  A  specific  response 
of  the  au<litory  ner\'e  imiy  nevertheless  be  obtained, 
but  onl;  bj  itin<fle  closing  or  opeiiin"  Hhocks  from  aa 
induction  uppumtus,  the  opuutug  shocks  Wing  the 
more  effective  ones.  Hie  most  convenioot  form  of 
electricity-  for  acting  on  the  nnditoiy  nerve  ia,  how- 
ever, the  continuous  current,  not  only  becauae  it  ia 
more  cerUiin  in  its  effects,  but  iiJao  because  the 
different  responst's  of  the  nerve  on  closing  the  circuit, 
during  the  closed  circuit,  and  on  op>*riing  it,  mtij  In; 
separately  studied ;  while  the  induced  current,  which, 
ha^onlyau  instantaneous  duration,  offers  iusnpen^lo 
obstacles  to  the  true  appi-ecititton  of  the  pheuonicun 
separately.  The  best  niodv  of  ox{H^riiiir>tit4iti<>u  is,  t^i 
direct  one  eleclmde  lo  the  external  uicatntt.  while  thu 
other  one  is  pluced  to  uny  part  of  the  body.  It 
nuittcn  not  to  which  part  this  latter  is  directed,  for 
the  phenomena  observed  always  remain  the  same,  if 
only  the  same  electrode  is  in  tlie  external  meatu:^. 

The  following  is  the  normal  i-eaction  of  the  aodi- 
iory  nerve ;  at  the  cathode  the  nerve  responds  wiUi 
sounds  on  closing  the  circuit,  mid  during  part  of  tltu 
closed  circuit ;  while  at  tlie  anode  the  nerve  answers 
only  on  openiug  the  circuit.  If  a  current  of  snch 
intensity  iti  used  oa  is  proper  for  physiological  aud 
thenipoutical  experimouts,  there  is  no  response  at 
Ibc  unude  when  the  cii-cuit  is  closed  and  while  Uu] 
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ciirront  cootiimM  to  circulate,  uor  at  tlie  cathode 
wlioii  it  U  oix>n«d.  if  ihe  power  of  the  cnrrent  be 
incrcnMd,  (lie  r««iK>n80  at  the  cuthod«  on  closing 
nppciu-s  first',  vrhilo  the  iicith  anHwon  aomewhat  later 
on  opcninfi  at  tho  iinodc ;  on  the  other  hand,  if  the 
jiowor  of  the  current  he  diminifihed,  the  eflect  at  the 
anode  on  opening  disappears  sooner  tliau  the  one  at 
the  cathode  on  closing. 

The  reaponse  at  the  cathode,  on  clotting,  appears 
at  once  in  its  ftiU  intonsit>',  and  gradually  diininiithcs 
118  tlic  cnrrvnt  continues  to  M-t:  while  the  rCHpoDw 
at  thv  anodo  on  opi.-iiing  is  onljr  noticed  after  the 
current  has  act<fd  for  a  curtain  k*n^b  of  time  ;  and, 
if  the.  circnit  be  ojiened  soon  after  it  has  been  closed, 
tJio  rL>«]xin8C  lit  the  anode  on  opening  naj  soDictiinoa 
be  entiruly  wanting.  If  tlio  direction  of  the  cturent 
is  chan^-d  8u  that  the  anode  is  rL-pIaced  by  the  ca- 
thode, Bonnds  may  be  produced  with  a  much  weaker 
current,  which  would  not  produce  any  sound  at  the 
cathode,  on  dimply  closing  the  circuit ;  the  reason  for 
this  biMng,  that  after  the  circuit  hiu  been  opoaed  at 
the  anode  tlio  nerre  is  in  a  condition  of  increased 
excitability.  This  condition  conttiiuos  for  some  time 
atlvv  the  opening  at  the  cathode,  so  that,  if  the  cir- 
cuit be  repeatedly  closed  at  the  cathode  within  a 
cvrtoin  period,  stronger  aouuds  are  produced  than  at 
firat ;  or,  which  oinonnts  to  the  same  thing,  a  lem 
consideraltlo  golTaotc  power  is  sutticiont  to  produce 
the  specific  rctiponse  of  the  nerve,  on  repeatedly 
cloKing  at  the  cathode,  tb&n  was  previoasly  required. 
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It  is,  howerer,  not  only  tbe  raristioiu  in  the  ieu- 
ait/  of  the  curreut  (rom  it«  nuudmam  to  lero  wUeb 
CAQM  sonntU,  but  a  response  also  ocean  ia  conae- 
qaeace  of  TariuUotis  during  tlie  coatiuuOQS  paangt 
of  the  oonvnt,  and  this  ubcvs  tbu  sumo  Inw  u  aboTe, 
{oumoch  a»  a  riu-iation  ot  inavnse  will  c«aM  the 
effect  on  closing,  if  tlie  catbode  b  in  the  meatoa,  kad 
a  variation  of  Jmxreajie  will  produce  the  responsu  on 
opening,  if  tb«  anodo  is  in  the  meatiu. 

The  degree  of  responw  of  the  atulitorj-  iterre  is 
not  only  caused  by  the  absolute  lunouiit  of  the  Taria- 
tions  of  the  current,  bat  also  by  the  duitanoe  at  which 
they  ure  frfnii  zero ;  and  with  a  current  that  is  at  all 
vflectire  it  will  be  found  thut  the  leas  powerful  tbe 
origiiuJ  force  of  the  current  wiu,  tlio  sligbtcr  tuny 
be  tbe  variationa  which  will  cauM  a  rcepouse  of  the 
nerve. 

Tlie  Moundit  wliicb  are  caii»ed  by  tlie  galvanic  ex- 
citation of  tlio  uuditory  nerve  vnry  in  kind  awl  In- 
tensity according  to  the  peculiarity  of  the  person 
experimenti-d  upon,  and  according  to  the  intensity 
of  tbe  cum?nt.  They  are  variously  described  as 
Imnimiug,  hissing,  rolling,  whistling,  ringing,  eto. 
Tbe  kat  named  sooaation  ia  the  one  most  frequently 
experienced,  and  when  in  its  full  doTclopuifnt  b«- 
eomes  a  clear  tunc,  the  pitch  of  which  may  bu  musi- 
cally determined,  and  which  variee  in  difFerent 
indiriduiils.  Tliere  are  many  pet«ons  who,  when 
tbv  power  of  tlie  current  is  increased,  perocrire  a 
regular  senle  of  auditive  BuotiationB,  which  proceed 
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)n)  '  humming  *  ttii-onpili  all  Uio  TuxictiM  mentioned 

^nUive  Ut  'rinffing,'  aiiJ  who  hear  'aounds'  with  low 

ower,  bat '  tonei '  with  higli  power. 

An  increase  of  Uie  strength  of  the  current  nuACC 

he  [)iU'h  whi.-ii  the  au<litorr  ulttc  i^  tindor  the  inilti- 

uaev  of  the  cathodp,  atiJ  lnwont  it  when  tbo  uen'e  ia 

under  the  ioflueuce  of  the  anode. 

M.  Bmnner'a  publicatiDas  hare  given  riae  to  an 
animated  di«ctiii!«ioti.  which  wa«  eomuieiioe-d  bj  Dr. 
Schwortxe,*  of  Halle,  who  declared  every  one  of 
Brennor'H  statementH  to  be  crroncoiu  and  utterly  de- 
void of  ralae  in  a  diagnostic,  prognontir,  and  thera- 
pf^utical  point  of  view.  He  wan  answered  bj  Dr. 
IIu;^vn,t  of  Leipzig,  who  conhrniL-^  Breuuer'it  tttalL*- 
menbi  in  almost  everjr  pnrticular;  and  b^  Brenner 
himself.t  who  jurtly  contended  t]»t  Schwartie's 
[  exi)eriu]ent«  of  control '  had  bc«n  mode  without  anj- 
i*gu<\l  to  tlio  mode  of  cx|H'rimentation  recumiucudMl 
himsclT,  and  wcro  therefore  worthloss.  As  a 
irioaity  it  may  be  mentioned,  that  Dr.  SycTa»oo>$ 
bf  C^iaroow.  ha«,  b;  a  seriea  of  experiments,  been  led 
_lo  the  concliaion  that  the  oontjnuou*  current  pro- 
IncM  no  n-sponw  of  the  auditory  norve  at  all,  neither 
opening  nor  on  dosing  the  circuit,  and  neither  at 
le  anode  nor  at  the  cathode;  an  a^sertiua  which  U 
L'rtaiiily  uoTe),  but  hardly  requires  tterioos  notice. 

•  AnliiT  il«(  OltnnbrilkaiiJp,  1801,  BiL  {.  Hell  I. 
[  t  KUrcro-oUatriictw  MuiIIcd.     Lmfig.  I6B0. 
'  *  TtrthDw'*  AirluT.  1M7,  BJ.  xuL 

I  tMiLK^M*  AkUv  fu..  Tou  '/Mtmoo  und  ZvuDkrr.  1H7,  Bd,  iU. 
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Time  liaa  not  y^l  allowed  me  to  fiilly  eiamine  unH 
repent  all  of  Breniier'e  experiments  in  ilutail ;  bnt 
IVoiii  the  obiiervatiaiia  T  hare  made  on  thta  BuliJ4>ct 
sinoo  the  publioitiou  of  Brenner't)  trentise,  I  toel 
compelled  lo  dittpiito  liiit  HtaU-nientx  with  Tt't^iud  to 
the  pliysiolo^cal  inefficiicy  of  the  iii<]ucL>d  current, 
while  I  am  inclined  to  corroborate  most  of  bia  oon- 
clusions  lu  fitr  as  the  action  of  the  contiunous  cnr- 
rent  is  oonwnied. 

By  th«  upplicntion  of  ptcctricity  to  the  momlmina 
iympani  in  the  livinf*  man  two  other  remarkuble 
phenomena  are  produced,  rix.  a  slight  and  onplenaftat 
mctallio  taat«,  and  a  more  or  less  abundant  Bnvr  of 
aalira.  The  former  of  these  phononiuna  ha«  been 
noticed  by  Dachcnne,*  and  Bai4.-rlaclicr;f  tbo  latter 
was  discovered  by  myxelf  in  1858. 

The  production  of  Hie  peculiar  sensation  of  taste 
which  iti  canned  by  the  application  of  the  induced 
current  to  Uie  dram  of  the  ear,  is  due  to  excitation 
of  the  trunk  of  the  chorda  tympnni,  which.  ufU>r 
liavinf;  emerged  from  the  cavity  of  the  tympanum 
through  the  fissum  Glitsori,  dexccnd^  towards  the 
lingnal  nerve,  in  the  s]i«mth  of  vrbich  it  enters, 
and  Uien  proceeds  towards  the  tongue.  Thus  it 
is  proved  by  electro-pbysiuht^-  that  the  chorda 
tympani  essentially  contributes  to  the  perception  of 
taste;    and  clintcul  experience  hint  confirmed  this 
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ijsiologiciil   iii<Iiio1iori ;    »iuca   in  ccrtAin  cases  of 
rnlj'ais  of  tliu  )>urtio  durn,  loss  of  toate  has  been 
rred,  togotlior  vriih  paby  of  the  muscles  of  tho 
00 ;  this  loss  of  tii3t«  existii  only  on  tjie  affected 
and  usually  dirappeara  nt  iha  moic  time  witli 
other  symptoms  of  poialyaui  of  the  portio  dtini, 
everal  caaea  of  tlii»  kind  haro  been  reoordod  by  Dr. 
Gull*  uid  others. 

A  »•  't  less  remarkftbte  phenomenon  is  the  flow  of 
soliru  produced  by  the  application  of  holli  the  con- 
titiuous  iind  induced  ciirrL-nts  tu  the  drum  of  the  enr. 
y  attention  vras  directed  to  this  Isot  in  tliu  fullow- 
(f  wiiy :  hnviu)/  ofb^n  been  reqae«ted  tit  try  the 
eflecls  of  gidruiiism  on  j^tients  sufllcriiit;  from  ner- 
vous deaAiMs,  I  noticed  that  the  piitients  during  thu 
operation  made  movements  of  deglutition ;  I  tlien 
lented  on  myself  with  the  tiew  of  ascertaining 
cause  of  the«e  movements,  and  fonnd  tliai,  if  a 
nt  of  ratlier  high  tension  waa  caused  to  act 
tlio  chorda  tympani,  the  saliva  began  to  flow 
ure  or  less  abundantly :  tho  effi-ct  l)oiiig  more 
marked  with  the  continuous  than  witli  the  iudupcd 
eotrent.  It  is  evident  that  this  is  dae  to  electric 
:c)lation  of  those  fibres  of  Uia  chorda  tyinpani 
rhich  do  not  proceed  toivurdj  the  tongue  with  tlie 
grnil  nerve,  but  are  detarhed  ftoni  the  princi[Ml 
of  tlie  ciionlii,  and  penetrate  into  the  submaxil- 
gangliun.     Tliv  saliva,  therefore,  vrbich  is  ob> 


A  AutW  nrpiirt  c«i  the  nliin  of  rin-iririiy  u  •  rpitiMll*!  ni^it.  in 
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nerved  to  flow  when  the  choTdAtympaniisgalTaiiiaed, 
IB  secreted  in  the  submaxillary  gland. 

4.  Organ  of  Tagte. — That  a  peculiar  Bensa^on  (rf" 
laate  is  perceived  when  the  tongue  i«  touched  by 
two  heterc^neous  metals,  has  been  known  long 
before  the  discovery  of  galvanism.  M.  Solzer* 
seems  to  have  been  the  first  whose  attention  was 
directed  to  this  fact.  In  a  paper  which  was  pub- 
lished by  him  in  the  Reports  of  the  Berlin  Academy 
of  Sciences,  in  1754,  the  following  remarks  occur: 
'  If  a  piece  of  lead  and  a  rod  of  silver  be  connected 
with  one  another,  and  approached  to  different  parte 
of  the  tongue,  a  sensation  of  taste  is  experienced, 
which  resembles  that  produced  by  vitriol  of  iron ; 
while,  if  we  employ  either  of  the  metals  alone,  not 
the  slightest  taste  is  perceived.  It  is  probable  that 
by  the  connection  of  the  two  metals  a  vibration  is 
produced  in  the  smallest  particles,  either  of  the  lead 
or  of  the  silver,  or  of  both ;  and  that  this  vibration, 
which  must  necessarily  affect  the  nerves  of  the  tongue, 
produces  the  taste  described.'  This  is  in  so  far  iotei^ 
eating,  as  it  is  in  all  probability  the  first  observation 
ever  made  on  the  physiological  effects  of  galvanic 
electricity. 

If  a  single  pair  of  zinc  and  silver  be  applied  to  the 
tongue,  the  zinc  being  directed  to  the  top,  and  the 
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to  tiie  back>  of  that  organ,  a  dccidivllj-  acid 
'■  is  pvoduoeil  under  the  zmc,  tuid  a  feebl;i'  alko- 
pue  taste  under  the  silver  plate.  Tliese  waaatious 
I  Dot  onljr  (MTceired  at  llie  oouiineuceiuent  aiid  at 
I  «t^».'Uiti<m  of  ttte  current,  but  uUo  oa  loug  oa  tlic 
circuit  rt-maian  olutivd.  Tliv  eB«ct  is  moat  strikinjj 
wb«n  the  tongne  is  at  its  ordiiuuy  temperature,  and 
whea  the  tuetuls  have  the  aanie  temperature  as  tho 
tongoe.  Wlien  either  the  metals,  or  the  tongue,  or 
both,  are  hcAtod  or  oooled,  aa  fiur  as  can  bo  ttorne 
itlwul  inconvenience,  scarccljr  any  sonsition  is  pro- 
duced ;  and  whaterer  has  a  tendency  to  blnnt  the 
aensibility  of  the  tongue,  such  as  acids,  pepper,  laod- 
anuu,  spirits.  iVc,  diminishes  tlic  cfl'ect  of  galvanism. 
M.  Tripier*  hiUi  directed  attention  to  tho  circum- 
stance thnt  when  the  tongne  is  not  in  direct  commu- 
lication  with  the  electrodes — as  for  instance,  when 
bne  moistened  conductor  is  placed  to  the  right,  and 
he  otJter  to  tiu!  left  cheek — tli«  taste  is  neither  add 
'  nor  alkatiiic,  but  metallic.  This  ta«te  persists  longer 
or  Mm  circuit  is  opened  than  is  the  case  whun  tho 
itaelf  is  golvaaised,  and  becomes  stronger  at 
moment  of  bruuJdng  the  circuit,  which  is  like> 
fMXA  tlie  ease  when  the  tongue  itaelf  is  galvanised. 
Avqucntly  observed  that  a  metallic  taste,  such 
u  of  copper  or  iron,  is  produced  when  tlie  jiositivo 
pole  of  the  battery  is  placed  to  the  eacrnm,  and  the 
negative  to  the  nape  of  the  neck.     The  sensation  of 
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ta^te  gradnally  incrp»ReH  a»  the  current  coniiotK'a  to 
circti1at«,  becoiuea  very  j^Kiwcrful  at  tiie  moment  of 
lircaking  the  circuit,  luid  goucnilly  continoM  iu  a 
niotlificd  inanner  Jrom  Gre  to  0ftccn  miniitoB  aiter 
the  ciirwnt  has  ceased  to  act. 

A  powerful  continuous  current  applied  directly  to 
the  tongue,  produces  not  only  the  gpwjific  sensation 
of  tMie,  hilt  also  n  fla«h  of  light,  and  pain  in,  and 
commotions  of,  the  ton<rue.  The  induood  current 
produces  only  the  latter  phenomena,  but  no  suntiation 
of  taate.  PrictionaJ  electricity,  however,  haa  an 
action  on  the  tongue  which  n^semblcs  Uiat  produced 
on  it  by  galvanism.  Fowler  lian  compan-d  the  toslo 
produced  by  common  electric  sparks  to  tlie  taste  of 
vinegar,  and  tliat  produced  by  galranism  io  Uie  taste 
oFdilut«<t  Hulphuric  acid.  Voitu found  tliut if  achaiu 
rai*  foniii'd  of  several  persons,  one  tonohing  with  his 
Snger  the  ton^c  of  his  next  neighbour,  and  so  on, 
while  each  of  the  two  who  formed  the  first  and  last 
link  of  the  chain  took  hold  of  one  of  the  poles  of  the 
battery,  eri»ri-  |>eriion  in  the  chain  pcrceivinl  a  distinct 
sensation  of  tosti.',  I  liavc  often  observed  tliat  \Ht- 
flons  who  nn  highly  sensitive  to  the  application  of 
electricity,  fool  the  galvanic  taste  distinctly  if  the  con- 
tinuotis  cuTTOut  is  applied  merely  to  the  arms  or  legs. 

This  remarkable  influence  of  electricity  upon  the 
tongne  has  been  explained  in  various  ways.  Soma 
observers  consider  tliat  the  taste  arises  from  a  pecu- 
liar condition  of  the  gustatorj-  norvc  produc«l  by 
electricity,  just  as  the  retina  responds  to  the  galvanic 
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tttimnlos  by  a  daah  of  tigiht,  and  the  auditory-  nerve 
by  soundik  On  tlie  oUier  liiuid,  the  <)itIV>rie»ee«  iu  lb« 
fauite  bcDCfttb  the  tw<>  pok>«  aeem  to  point  to  tim  coa- 
cluHion  that  ihc  effect  U  due  to  an  el>.-c-tr*)1^ic  de- 
composition of  the  salts  of  tho  siUiru.;  tui  frouj  chlo- 

ide  of  sodium,  which  is  contained  in  that  li<pii(l, 
irine  or  hydrochloric  acid  would  be  evolved  at  Uio 
ro  polo,  whence  the  acid  taste ;  and  soda  at  tlie 
nefiative  iwle,  whence  tlie  alkiiline  tuste.  But  it 
must  be  objected  to  tUia  explanation  that  a  ctirrvnt 
which  is  BO  feeble  that  its  positive  |>olc  does  not  even 
redden  litmus  paper,  yet  produces  a  distinct  sensii- 
tion  of  t«irte ;  while  highly  diiute<i  acids  will  redden 
lilmns  puper  visibly,  even  if  they  iire  so  weak  that 
they  cannot  by  taste  be  distiu^ished  &om  distilled 
watvr.  iVtctional  electricity,  which  has  very  feeble 
chemical  properties,  yet  produces  a  marked  sentiatiun 
of  tosto;  and  Volta  tuis  observed  that  uu  acid  taste 
ma  perceived  under  the  Kiuc  pole,  even  when  the 
mucous  membrane  of  the  tongue  was  iu  contact  with 
an  alkiiJitie  snlutiou,  by  which  the  acid,  which  uiigbt 
have  been  fnniied,  would  iitimediiitely  become  ueu- 
tmliacd,  so  lui  to  produce  no  physioli>g'icat  effect 
wluitevcr.  Another  important  fact  which  is  opposed 
to  (he  theory  of  electrolysis,  is  one  observed  by 
onro,  vis.,   that  the  taste  is  perceived,  not  only 

hen  the  niettilii  are  directly  applied  to  the  tongiie, 
but  also  when  pieces  of  raw  or  boiled  meat  are  placed 
bi'lwi-en  the  eWtrodes  mid  that  ort;aii.  Now,  if  the 
ids  ami  alkalies  deposited  by  electrolysin  on  tlio 
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t4>n^e  were  reollj  tbe  canae  or  tbc  tiuite,  tliiA  InHcr 
ongtit  only  to  he  percwiriHl  vrlwn  the  tongue  is  io 
<lirect  contact  witii  ilio  ciectrwk-s;  since  it  is  a  viell- 
kiiown  fad,  tlmt  tho  ulvctroljijc  dcposifwm  of  acidfi 
and  alkalies  dws  not  take  place  witbiu  the  electroljtn 
itaelf,  bat  merely  at  tbe  extremities  of  the  niefaiUiu 
electrodes. 

R(^ieen  thill,*  who  biu  rec^ntlj  investigated  this 
mibject,  has  observed  that,  if  the  positiTe  elevtxoda 
of  a  galranic  battery  is  mirroiinded  with  a  piece  of 
Woo  litmus  paper,  wbicli  i»  order  to  make  it  roniliict 
ba«  been  moistened  with  disllllvd  wati'r,  and  placed 
on  the  tip  of  the  ton^o.  tho  airid  appvara  at  first 
only  on  that  aide  of  tbe  litmns  paper  which  ia  turned 
towaidstlie  metal,  and  not  on  thnt  which  touches  tbtf 
tongue;  for  if  tJie  cunviit  act*  ft»r  n  short  time,  n  red 
spot  will  uppoiir  on  that  side  which  is  tttmed  towards 
tiut  metal,  while  Ibeiv  is  no  change  of  colonr  on  the 
u]iposi(«  side.  Xerertbeless,  the  acid  taste  ia  per^ 
c«ived  immediately  on  cloaing  tbe  circuit,  tliat  is, 
before  the  surface  of  tbe  tongue  is  in  contact  with 
an  acid  solutian. 

JEloHetithal  also  made  tbe  follnwing  expcrimimt:— 
The  poles  of  a  Diuiieirs  bntterj'  of  from  one  to  four 
pairs  were  oonnect*-*!  iritJi  zinc  plates  immersed  in 
two  small  vessels  filled  with  a  solution  of  Fulidiato 
of  sine  Tbeec  reaeebi  were  connected  by  nHjans  of 
■yphoii-tiibes,  with  two  other  vessels,  one  of  which 
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WW  filled  with  a  solution  of  ta.ble>9alt,  and  the  other 
with  di«tillod  watpr.  A  <ru8bion  of  blotting  paper 
mouiUMicil  with  distilleil  wulor,  wit«  iiiadi-  to  vmor^ 
from  th«  latt«r  t««so1  ;  and  a  contrivance  wiu  inter- 
polated into  tile  circuit  which  aj^wed  the  experi- 
uiPiiter  i'a]>idly  to  change  the  directioa  of  the  current. 
If  now  onu  Iiiind  wag  immersed  into  the  solution  of 
taUe-ualt,  and  the  paper  cushion  touched  with  tliu  tip 
of  the  tontfue,  the  current  could  be  made  to  travttl 
either  fh>ra  tlie  tongne  to  the  cushion,  or  in  the 
op[MMit«  direction.  A  piece  of  blue  and  one  of  rod 
Ittniiu  papi'r  were  now  pliieod  on  the  eushion,  »o  tJiat 
both  touched  the  ton^e ;  and  it  was  found  that  tbo 
blue  pnper  remainnl  iiuchiui^od,  while  the  red  one 
wm»  n.'udcrt>d  slightJ;  blue  by  tlic  alkaline  btiecal 
mucua.  This  was  obsorred  whether  the  current  was 
direct  or  inreree,  and  it  v/aa  therefore  prored  tltat 
no  perceptible  quantity,  cither  of  acid  or  alkali,  is 
»et  Tree  hi-twifn  tie  tontine  aii<l  tJie  cushion. 

NcrerthfleMi.  the  senmtion  of  tuste  wius  eminently 
acid  when  the  ciiircnt  mored  fnnn  the  cushion  to  tite 

t tongue,  and  feebly  allcKliue  when  it  travelled  in  tlie 
[|p[ioiiitu  din.-etioi]. 

iEosenthul  found  tliat  (lie  acid  taste  la  not  only 
tiiorv  inteiuw,  but  also  more  iuiinediiitely  jterceivtHl 
on  floiiing  the  circuit,  while  tbe  alkaline  taste  i« 
more  gnwluully  developed  an  thu  current  continu«« 
to  act.  The  iietd  tatite  perBi«tti  a  abort  time  after  tbo 
circuit  'i»  broken,  while  the  alkaline  toate  difiapimars 
immedialeljr  aRervrards.     If  the  direction  of  the  cur> 
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rent  «  suddtnly  iwvCTSi'tl,  the  alkaliiiQ  taate  yields  at 
once  to  the  acid,  wbik-  tbu*  acid  only  {gradually  merges 
into  the  atkaliue  tuste. 

It8i>[iear!i  fmrn  these  retiearcbee  tJiat  tlie  dcposi- 
tion  of  fpH*  tioid  or  alkiili  on  the  Biirruce  of  the  ton^o 
is  not  tt  HMMSuij  condition  for  thti  ptrcoption  of  the 
sensation  of  taste.  The  only  objoL-tiuti  ttiat  might 
Btlll  be  raised  against  this  conclufiion  would  be,  thafe 
Du  Bois-Beymoud  hii3  shown  polarisa4ion  to  take 
place  oil  the  point  of  contact  of  two  electrolytes ;  imil 
tLat  tlivrctorv  noid  or  nlkiUi  might  be  set  frt.-e  nt  Hie 
L>nd  of  the  toii^ie  or  tlie  cnshion.  But  this  objection 
is  overruled  by  Voltn's  L-xperimont.  itlivady  mentioned, 
which  kIiowr  that  the  chemical  comjxtHitioii  of  the 
li<jiiid  n-liich  is  in  otnt^tct  with  the  lon<^io  has  no 
inlliieiice  on  the  perceptioii  of  taste,  since  ait  ulkuline 
liquid  hn«  an  acid  tuMtc  when  an  electric  current  is 
made  to  piLss  from  that  li<]uicl  to  the  tongue.  Kosc)). 
thai  ha«,  however,  made  an  experiment  to  prove  tliat 
pDlarisation  has  nothiugf  to  do  with  the  pn-Klnction 
of  tJie  gulvuiiic  Uiste : — One  of  two  jH-rsoiis  tukos  hold 
uf  the  positive  and  the  otlier  one  of  the  nC(;atiTe  pcih; 
of  tJie  Iwtteri',  after  which  they  touch  each  Other  by 
the  tips  of  their  tonnes ;  tlie  one  who  holds  thu 
iieffative  pole,  then  perceives  the  acid,  and  the  other 
one,  who  holds  the  iK>sitive  )iole,  |iereeiveii  the  alka- 
liuc  tiutte.  In  tJiis  exporimont  both  pei'HOns  are 
under  similar  conditions,  excvpt  as  for  as  the  direc- 
tion of  the  ciuTvnt  in  their  tongues  is  concerr 
This  is  tLe  reverse  in  each,  and  both  perceive 
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uppo«it«  tikst«,  Bithnagh  oao  tongiic  toiicliM  tiie 
oUier,  ami  thtTfron*  tUo  ranie  capillary  Inyer  of  Uqnid 
COTew  either  tongue.  It  is  therefore  evident  that 
the  electrolj-tic  theory  of  the  galTunic  taste  U  imten- 
able.  The  lon^  pcrsisteiioe  of  the  taste  after  the 
^Ivimism  has  been  a|tpliL'd  in  a  peculiar  nuuiuor 
(p.  171}  is  lilfewise  oppost-d  to  the  uloctroljtic  theory. 
Profeanor  Schoabein  has  sug'gested  another  expla- 
nntion.*  He  HUppones  tliat  by  the  galvanic  current 
ait  bcroniei)  deconipoitet],  ami  tliat,  at  Uie  positive 
pole,  the  oxygen  ami  nitrogen  c'onihine  to  forui  nitric 
aoitl,  which  would  produce  the  acid  taste.  But 
anbetn  does  not  explain  the  cause  ot  the  allcaltne 
which  is  perceived  under  the  negative  pole,  and 
it  Mreuta  kltnost  impoMibte  that  tlw  action  of  a  single 
galvanio  pair,  or  of  a  few  and  smiil]  electric  «parkii  on 
air,  should  fonu  a  sufficient  quantity  of  nitric  acid 
to  prwioce  a  decidedly  acid  taste.  We  are  therefore 
led  to  the  conclusion  that  the  galvanic  tnate  is  due 
to  a  poculiar  conditiou  of  the  guatntury  uervea  caused 
by  electricity. 


UchJii 
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IV.    ACTION  OF  THK  FLECTRIC  CimRKXT  UPON 
TIIE  MOTOR  KKKVES  AND  MUSCI.KS. 

ErjuritMittt  in  Animalt, — If  a  motor  nerve  of  an 
attimal  recently  killed  bv  subjcetod  to  the  action  of 
a  coDtinnuus  gulvauio  cunvnt,  oontnictioot  of  all  the 

*  VtUrr  nlaiirn  tniliiilliu*  f)ijiAtAnip»At  Wakttnpsa  Art  atnoqilill- 
rltchi-ii  l^lrlundUt.  Unla  md  I'lentn*  ilcittdirift.  IBJI.lUft  ili. 
p.  Sftt. 
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mnaclM  antmated  hy  this  nerve  are  prodacod,  on 
chatif'  us  wen  as  on  opening  tLo  circuit,  wlititlior  tho 
ciim'iit  bo  direct  or  inverse-  Caro  mast  bo  taken, 
bowerer,  that  tlie  electrodes  connected  with  the  poles 
of  the  batterj'  be  placed  at  two  points  of  the  noire 
whicli,  lilthougb  the;  may  be  near  each  other,  are  at 
a  difffivnt  height^  so  that  the  electric  cnrrent  may 
trnTerao  the  nerro  in  an  oblique  direction.  If  the  cur- 
rent were  to  pasa  truJiBTcrsely  through  the  uorve,  one 
electrode  being  applied  to  the  right  and  tie  other  to 
the  left  side  of  it,  at  the  Bame  point  of  Its  tnuuverse 
section,  no  contractions  would  take  place. 

It  was  Luigi  Galraui,*  of  Bologna,  who  first  ob- 
served, in  1 786,  that  whou  the  nerves  and  muscles 
of  u  fix>g  were  connoctvd  by  means  of  an  arc  composed 
of  two  different  metals,  powerful  contractions  of  the 
muBcles  took  place.  Soon  after  Galvani's  discovery 
had  been  maile  known,  Volta  t  foaitd  that  these  con* 
tractions  also  took  place  if  the  nerves  alone  were 
enclostid  in  tlio  circuit.  In  their  first  experiments, 
Galvani  and  Tolta  noticed  only  the  contraction  pro- 
duced on  establishing  the  circuit;  it  was  ftoother 
Italian  pkiloHopher,  VaUi,J  who  soon  aftorwarda  ob- 
served another  contraction  oaosed  by  breaking  the 
circuit.       It  bos  lately  been  asserted  by  M.   Du- 


*  D«TiHbo«  *l*Mricitatia  in  ni'ilu  nrnaculari  coniin«ntiuiu<-  BoIo^bi, 
17S1.  Tbi*  uaa;  irw  [lubli^cd  fifu  jion  utier  Osimu  bnii  AnL 
mad*  hi*  Aiacorirj. 

t  Cbllmim*  ilair  efwm  M  Qivalicm  Conte  Alouaudra  Volta.  Flo- 
rrnw,  ISIS,  loL  i*.  p,  134. 

:  ItHabolii,  GNcbiebto  df  Qilwunmu  «c  1TB3,  p.  34. 
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ToM].*  that  timse  obgurvatioiis  hnA  bcca  made  a  Irnis 
timo  ago  Ijy  the  Dtitcli  philosopher,  STrammcrduui. 
who  ha<I  sliomi  the  expennieiit  to  the  Grand  Duke 
of  Tusciuiy  ia  ICSS.  DutnfrU'a  oasertioa  ha^  been 
repeated  by  Matt«ucci  nnd  Dr.  Golding  Bird ;  bnl  u. 
close  cxiuiiiitutJoa  of  Swamiaerdam's  experiments 
shows  thiU  the  contractions  be  observed  were  pro- 

eed  hj  a  mechoitica]  irritation  of  the  nerve,  and 

>t  by  galvanism. 

Before  we  enter  more  taWj  into  the  inberetting 
phenomena  brought  about  by  the  application  of  gal- 
Taaism  to  the  motor  cervea  and  muscles,  it  is  neces- 
saiy  to  state  tliat  the  contractions  pmdaced  by  the 
entiauce  and  the  ceasatiou  of  the  ourreut  do  not 
take  place  in  oonBeqnenoa  of  Quo  motor  nerve  simply 
eonductiiig  the  electric  fluid  to  the  muscles ;  althou-^h 
the  nerve  is,  as  we  have  ajready  seen,  a  conductor 
of  electricity.  But  the  mere  conductivity  of  tUe 
nerves  does  not  explain  tliA  physiological  effect  pro* 

.ced  by  their  electric  excitation ;  for  if  a  wet  thread 
tightly  applied  to  a  nerve  so  tliat  it  becomea  thin 
reduced  to  its  neurilemma,  no  contractions  caa 
be  caused  in  tJio  muscles  animated  by  it,  if  tlie 
electrodes  bo  applied  to  the  nerve  above  the  point 
where  it  luis  been  tied  ;  altliough  by  such  a  proceed- 
ing the  propugntioD  of  electricity  is  not  arrested, 
since  the  wot  thread  conducts  oqually  well  as  the 
narre.    Anotlier  still  more  remarkable  proof  is,  that 


•  A«a«k«  if  SeifiMis  aaunU**,  3*  •tria,    ZodGgie.    IWi.  1819, 
~vol.  tiii.  p.  M. 
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B  few  tlropa  of  ether  applied  to  aiiy  point  of  tlie  nerre 
will  suepond  the  oontnctiono  of  Uio  ma«clo«,  if  the 
vlcctrodoa  be  placed  aboro  or  at  tlto  point  where  the 
etbtn"  hu  been  applied ;  the  contractiooB,  howerer, 
will  re-appear  aa  soon  as  the  effects  of  the  ether  hare 
patsed  off.  Finallj,  if  the  iterres  of  a  frog  are  gal- 
Tiuiiwd  which  baa  been  prerioustj'  poisoned  bj  woo- 
ran,  not  the  Icoit  contruction  oocars  in  the  musdoa 
animated  by  theso  nerres ;  althoagh  woonm  doos  in 
no  wa^  affect  the  electric  conductivitj  of  the  norrcs, 
which  retnaitia  [lerfectlj-  intact ;  nor  the  contractile 
power  of  the  uinscles,  for  they  are  Been  to  mttar 
commotion*  if  the  electric  corrent  ia  directly  applied 
to  their  substance  without  tho  intiTVAntion  of  the 
nerves;  it  is  only  because  woomra  destroys  that 
peculiar  force  by  which  the  nerves  are  enabled  to 
produce  the  play  of  tlte  muscles.  Henee  H  ravlfa 
thai  cvnlriKiimiM  of  th«  mukIm  cnnnot  be  proditevti  htj 
the  gntranic  vjccUation  of  Me  motor  nerves,  unleM  fhe 
nervm  he  in  a  stale  of  inU^ty,  The  electric  current 
*xcites  the  nerre  and  rouses  its  power  of  prodociug 
miiBcuIar  contmctjons;  it  causes  a  distorbonce  lu 
the  molecular  ecjuilibrinm  of  tlie  nerre,  whereby  tlii» 
is  enabled  to  cause  a  shortening  of  the  muscular 
fibrvfl,  attendetl  by  an  increase  in  their  dinRiet«r. 

Volfa,*  whom*  (renins  unfolded  so  many  phenomena 
relating  to  galruuic  electricity,  thought  the  oontrac- 


*  Da  tbr  olartrirli^  ratdtfd  }ff  tho  nrr*  mDUM  of  MD<Iocting  Mb* 
Mann*  nt  iHStnat  kimU.  In  a  tutl'r  lo  thv  Right  UonounU*  Sir 
JoMpb  Bukii.    PMlmopU.  Treiunrtiooa,  IMO,  p.  HI, 
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tion  produco*]  ut  lite  coiniRCnccment  of  the  ciirnmt 
easy  to  expUin,  but  could  not  well  luuturstoiid  why 
a  similar  coutnictiou  should  take  place  on  bi'eak- 
ing  the  circuit;  he  orroncouitly  8U])]>osod  that  this 
second  shock  was  due  to  a  sort  of  couater-cumMit, 
pn>duix-d  ut  the  moment  when  the  cinruit  ia  broken 
(*  cuiuocH  par  une  e«p^ce  de  reflnx  du  fluido  ^lec- 
trique').  Another  view  was  tokeo  by  Lebot,*  who 
Btatetl  thftt  during  the  passage  of  an  electric  carrent 
through  u  ni'rre,  {Art  of  thv  electricity  accuinalat«il 
in  it,  and  on  thu  interruption  of  the  current  dis- 
cbarffcd  itself,  trarersing  the  nerve  in  an  opposite 
dir)->ction,  and  thus  giving  rise  to  contraction.  Neartr 
thirty-  years  Liter  Lchot'fi  theory  was  again  tukcu  up 
by  Mftriaiiiiii  ;|  but  neither  VoUa,  nor  Lchot,  nor 
Murutuini  have  been  able  to  iiimish  anV  conclusive 
proofs  iu  support  of  their  opinions,  and  we  are  now 
sbh)  to  explain  the  phenomenon  described  in  a  satis- 
ftctory  way  without  baring  recourse  to  hypotheoes 
ttnsapported  by  facts. 

Wo  Iiave  seen  tliat  during  the  time  that  a  oontin- 
DOOB  galvanic  current  traverses  a  motor  nerve,  no 
risible  effect  takes  pUco  in  the  muacles,  providing 
thi!  current  of  the  battery  is  constant.  It  appears, 
therefore,  strange  tliat  Matteucci,^  in  a  paper  on  the 
cwonl  of  the  uerrous  force  dcrolopod  by  the 

''•  Oilbut'tAiiHtMdM'nyilk,  IHOl.Tol.  1x.Pl1SS^ 
t  Sur  b  iiewM«i  qfi^JpronvMii  Ih  •aimavt.  «U.,  in  AiimIm  d* 
Chtui*  M  d*  Phjmqna,  |Br  Oujr-LoMM  «t  Angix    Puii,  1610,  nl. 
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electric  cnrrcDt,  sbonld  bavo  asserted  that  a  constant 
relation  existed  betrfeen  the  consumption  of  zinc  in 
the  production  of  electricity,  and  the  mechanical  effect 
produced  by  the  contraction  of  a  fivg's  leg,  the  ncrre 
of  wliicli  yraa  traversed  by  the  current ;  as  it  i«  olmotu 
that  w»  may  with  the  same  quantity  of  zinc  in  a 
j^ranic  circuit  obtain  ad  lAUum  fuw  or  an  immense 
number  of  contractions,  in  proportion  as  we  make 
Bud  break  the  circuit  more  or  (ess  rapidly.  Indeed^ 
the  visible  physiological  effect  occurs  at  tbe  moment 
when  the  density  of  the  current  suddenly  rises  from 
zero  to  a  certain  height,  as  is  the  case  on  establish- 
ing the  circuit ;  and,  on  the  other  hand,  when  the 
density  of  the  current  descends  again  from  a.  certain 
height  to  zero,  as  is  the  cose  On  breaking  the  circuit. 
Proceeding  from  tht'sc  facts,  Du  Bois-Eeymond*  has 
cstatdisbed  an  electro-physiological  Ian-  for  tlie  mo- 
tor nerres,  which  he  has  proposed  in  tiie  following 
terms : — *  The  motor  nerve  is  not  excited  by  the 
absolute  amount  of  the  density  of  the  current,  but 
merely  by  tbe  variations  which  occiu-  in  the  density 
of  the  current  from  one  instant  to  the  other ;  and 
UiO  physiological  effect  is  the  greater,  the  more 
considomble  are  the  variations  of  the  density  of  the 
current;  that  is,  in  proportion  ns  they  take  place 
more  rapidly,  or  us  they  arc  more  considerable  in  a 
given  space  of  time.*  This  affords  a  striking  analogy 
to  the  derctopmcnt  of  induction  currents  in  coils  of 

s  UkUnKbungtii  aim  (bi(riicli«  ElrktriciUL    BctUn,  IMI,  veL  I. 
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wires  connected  with  the  poles  of  u  battt-ry  ;  since 
indaction  currents  are  only  produced  oa  making  and 
breaking  the  circuit  of  the  battery,  hut  not  while  the 
circuit  remains  close<l. 

By  Da  Bois-Roynioiid's  law  it  is  easy  to  explain  a 
namlM>r  of  phenomuua  which  liiid  heiiii  observvd  a 
long  liuio  ti^o.  Thus,  it  is  not  ibbsolutoly  ncccsmry 
for  producing  contractions,  that  the  current  tnirors- 
iiig  a  nerre  dhoidd  he  closed  or  opened,  as  thereby 
only  the  maximum  of  variation  is  produced.  Physi- 
ological efl'ects  may  likewise  he  caused  by  minor  raria- 
liooB  iu  the  density  of  thti  current ;  for  instance,  if 
the  power  of  the  current  traversing  a  motor  nerve 
suddenly  increased  ;  or  if  another  current  be  sud- 
j|y  brought  to  bear  upon  a  nerve  tzavcwcd  by  a 
continuous  current;  or  if  a  portion  of  the  current 
paamng  through  a  nerve  be  suddenly  dirertod,  as 
may  be  done  in  the  following  way : — the  legs  of  a 
Q-og  which  has  been  skiuned  and  prepitred  an  uHtial, 
are  imiiierAe<I  iu  two  separate  Tcsseln  illlcd  with 
mit£r,  and  connected  with  the  poles  of  the  battery ; 
the  two  Teasels  are  then  i uddeuly  conuected  by  moans 
of  an  arc  of  copper  or  silver  wire ;  by  this  wire  a 
portion  of  the  cnrrent  ia  withdrawn,  and  a  contraction 
is  immediately  produced.    Variatious  of  this  kind  are 

I     however  not  ao  considerable,  and  the  physiological 

Hiffect  therefore  is  not  so  striking,  as  that  obsernxl 

^Bn  dosing  or  opening  the  circuit. 

^^   It  aUo  oiuiy  to  understand  Irom  Du  Buia-Reymond's 
iw  the  nctiuu  of  uu  induced  current  upon  the  motor 
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neiTc«  nnd  muiwlcs.  Induction  cnrrento are  instante^ 
QOoiu!,  tlivy  conidst  uuljf  uF  grcftt  and  suddvu  Toria- 
tious,  vrliicb  succeed  each  other  mora  or  lv«s  rapidljr, 
ill  coneeqtience  of  the  comnieacement  and  tite  cobi' 
gation  of  tlie  correut  of  the  batt«rj,  and  the  mogn^ 
tisiitiou  luid  dciaa{^otutution  of  the  iK>(l  irvu.  A 
Bingle  induction  shock  has  the  same  effect  oa  tltA 
opening  or  closing  of  tlie  circuit  of  the  batterer; 
eontniotiuus  upi>cnr  in  con^ecjucnco  of  the  disturb- 
ance of  thu  molcetilar  £»quilibniim  of  the  nerve;  but 
the  muscles  relax  immediately  uittirwanlM.  But  when 
the  indaction  corrents  succeed  each  other  rapidlj, 
tlie  contractions  caused  hy  them  likewise  occar  in 
rapid  ancix'jitiion,  and  the  mu«;lc«  relax  leas  and  less 
tlie  more  rapidly  the  shockn  be  given.  With  a 
ecrtain  mpiditj  of  the  shocks,  the  contraction  ap- 
pears oontinnoas,  as  if  produced  by  the  will ;  but 
this  apparently  continuous  contniotion  consists  oolj 
of  a  very  rapid  succession  of  single  contnictiona, 
the  intervals  between  which  are  too  short  to  be 
distiiiguiKht^d.  Thu  induction  apparatus  which  I 
nsiully  employ  con  furnish  120  currents  in  a  second) 
so  that  if  it  be  applied  to  a  muscle,  120  single  eon* 
(ructions  may  be  produced  in  a  second,  and  7200  in 
a  minute. 

Du  Boift-Reymond's  law  was  for  some  time  be- 
lieved to  be  the  absolutely  correct  expression  of  theso 
conditions,  but  more  recent  researches  of  Pfloger, 
Von  &*£uld,  and  others,  liave  caused  cortajii-  mo<U- 
ficattuns  of  the  same  to  bo  adopted. 
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PflLiger  *  lias  slKnrii  Utnt,  nltliougb  excitation 
depotuU  cliiofl}-  on  the  nu-iiitions  of  tlic  (density  of 
tbo  carreiit  tnkTcrsiiig  a  lu-n-u,  yet  ovun  a  fivblu  nad 
p«rfucUy  constent  current  may,  under  certain  cir- 
oomstances,  prove  an  excitant.  The  norre  ia,  accord- 
ing to  bitn,  excited  as  soon  as  any  extemaJ  foroe 
cliangea,  vritli  a.  certain  rapidity,  tlie  molecular  con- 
dition of  the  iicn'e,  wlierefu  a  stationary  condition  of 
Uie  MUno  in  incompatible  witJj  czcitolion. 

Von  Bezold  t  has  followed  up  P0iigcr's  inrcstiga- 
tioofl,  and  arrirod  at  tho  following  conclusions:  A 
oonstant  continuous  current  which  traverses  a  nerve 
may,  as  long  as  it  flowa  in  the  same  direction,  cause 
tho  molBculor  process  of  excitation.  Wh«r«  the 
variatioua  in  the  density  of  thu  current  are  ptpniip^ 
and  the  current  is  perfectly  constant,  excitation  is 
produced  only  in  the  neighbourhood  of  the  nfffativa 
•leotiode ;  but  the  nerve  or  muscle  in  the  neighbour- 
hood of  the  positire  pole  is  only  excited,  if  ut  all,  by 
Ike  propagation  of  the  excitation  produced  at  the 
nogative  pole.  Again,  when  the  variations  in  the 
dcsaity  of  tlie  current  are  »e</alive,  or  on  closing  tiie 
galvanic  current  traversing  the  nerves  or  muscles, 
excitation  only  talces  place  proximately  in  tho  neigh- 
boorbood  of  the  potUice  electrode ;  and  those  trans- 
verae  aections  of  mascles  and  nerves  which  are  in  the 
ueigbbourliood  of  the  negative  electrode  ore  oq\j 


■  tTBUnDrhungiaUiwdiBplipioIoBiiftdMElMtnitMra*.  Bariis,lt59. 
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excited,  if  at  all,  by  the  propagation  of  the  excitation 
produced  near  the  positive  pole. 

FinaJly,  if  the  potver  of  the  cootiDUOUS  cnrreat,  tho 
cloRing  or  opening  of  which  serres  as  atimuhint,  U 
below  a  certain  sUitidard,  tlie  molecular  procoss  of 
excitation  in  iiurroiu  and  muacnlof  fihrt-s  does  not 
follow  immediately  upon  the  posifctre  or  uegattre 
variation  in  the  density  of  the  correiit,  corrMponding 
to  its  closing  or  opening ;  but  u  certain  space  of  time 
elaj>8C8  before  tho  procettx  of  excitation  commcnccSf 
the  length  of  time  thus  intervening  being  inreisol; 
proportional  to  the  intensity  of  the  current  employed. 
The  motor  nerve  is  therefore,  according  to  Von 
Besold,  not  excited  by  variations  which  occur  tn  the 
density  of  the  current  from  one  instant  to  another; 
but  on  closing  the  circuit  the  e^ct  is  produced  by  thd 
continuous  current  traversing  the  organs  in  a  perfectly 
constant  manner;  and  on  opening  the  circuit,  the 
same  takc»  place  in  consequence  of  the  disturbances 
of  molecular  equilibrium  in  those  oi^ns,  which  per- 
sist for  some  time  after  the  circuit  has  been  opened. 

Von  Bezold  is,  by  these  results  of  his  investiga- 
tions, led  to  tlie  conclnsion  that,  as  far  as  the  con- 
tinuoas  galvanic  current  is  concerned,  its  exciting 
effect  is  in  reality  duo  to  it«  chcmictil  action  upon 
the  nerves  and  muscles,  and  that  (galvanisation  of  the 
ntrrres  and  muscles  uobs  by  inducing  chemical  changes 
in  the  same.  The  induced  current  stands,  accoi-ding 
to  the  same  observer,  in  a  totally  different  position, 
and  has  more  complicated  effects.      Encb    single 
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shoclc  firom  ah  Indnction  machine  is  composed  of  at 
Io««t  tlirco  difiVireiit  act*  which  hare  to  he  separately 
considered ;  viz.  the  rise,  the  coDstont  tloi7,  luid  the 
fall  of  the  denaitj  of  the  current. 

A.  Pick "  Itns  inode  some  ingenions  oxperhncnts 
on  tlie  cflfoct^  of  the  cODtiaoous  current  upon  the 
sphincter  of  the  fresh-water  mnsseL  lie  found 
that,  generally  speaking,  variationa  in  the  density  of 
the  corrent  stimuhite  tbe  sphincter  of  the  mtissel  in 
the  same  miuiner  OS  the  frog'a  tn»»c1es;  it  is,  how- 
e^'er,  in  this  case  ooccssoij  that  tlie  rapidity  of  the 
mriatton  shouhl  not  full  belovr  n  certain  standard. 
the  sphincter  of  the  froth-water  musecl  is  rery 
gradnoUy  subjected  to,  or  withdrawn  from,  the  iufla- 
ence  of  the  current,  no  contrnctjooa  are  perceived. 
Moreover  tlie  electric  condition  must  have  a  certain 
duration,  the  k-n]>th  of  which  should  ho  inrersely 
propurtioiiul  to  tltc  intensity  of  the  current  used; 
that  is,  whore  the  currt'iit  is  Tory  weak  it  njuat  act 
longer,  while  with  a  strong  current  less  time  is 
required. 


Injiumua  of  intmtity  and  tiireetiott, — If  a  feeble 
[  oontinaotis  current  be  applied  to  a  nerve,  tbe  nerve 
may  ivtaJn  its  excitability  very  long,  and  will  not  he 
destmyed,  as  is  done  by  mechanical  and  chemical 
•tiniiili.  But  if  the  current  he  of  some  power ;  if, 
Ittsteud  of  a  single  pair,  a  pile  bo  applied ;  the  nervo 

•  Briuip  nr  TMgUicheiuUa  FLfnologi*  irt  irnUhtia  Evbfuuen. 
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is  caotiMTSMl  bj-  the  chemical  action  of  the  |iile,  e«- 
]>e(.-uiJly  at  the  point  where  the  Dcgative  polo  hu 
touched  the  aerre,  for  hj  the  cleotroljsie  of  ibe 
saline  ito!utioii  contained  in  the  uerre,  caoetic  alkali 
is  Mt'  (rc«  lit  the  iw^atiro  pole. 

Ko  phjaiological  effect  whatever  is  prodnced  if  a 
nerve  to  which  a  poworfiil  continnous  current  ha« 
been  applied,  be  aft«nvards  a^oin  subjected  to  the 
action  of  a  feeble  continuous  current  or  an  indnoed 
cunt-iit,  abore  or  at  the  point  to  which  the  nc^tive 
polo  has  been  directed ;  but  if  the  some  nerve  be  ex- 
cited at  a  point  Dcanor  to  the  mu«cle  and  bencatJi 
the  negative  pole,  the  mtuclvs  animated  by  it  may 
again  be  caused  to  contract.  A  wire  rendered  incan- 
deseeot  by  voltaic  clectncity  will  destroy  the  nerve 
by  Iteut.  Induction  currentit  of  ordinary  power  hant 
no  such  dt«tructive  effects ;  but  an  indtict-d  current 
of  very  high  tension,  or  powerful  shocks  of  static  elec- 
tricity, may  anniliihite  the  vitality  of  the  nerve  by 
the  mere  force  of  the  conousstoo. 

The  phenomena  produced  by  the  electric  excita- 
tion of  motor  nerves  also  present  oertttiu  difibrvncca 
according  to  the  direeiioH  of  the  current.  This  wbb 
first  pointed  out  by  Pfaff.*  For  observing  these 
differences,  however,  it  is  necessary  to  employ  a 
feeble  ciurent,  aa  furnished  by  a  single  galVBoic  pair. 
It  is  then  noticed  that  when  the  nerves  are  in  the 
highest  degree  of  excitability,  as  is  the  cwse  imme- 
diately aftor  death,  and  when  they  have  not  yet  been 

*  L'tUrtliiuiKbtiQectiidtatiuidRcittAriiut.  Leilas,  lIB4,pL  74. 
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subjected  to  the  action  of  Uie  (^tlranic  cummt,  flio 
eontrurtions  an-  (.•qtiully  poworful  on  using  tb«  direct 
or  the  inverse  corrent,  and  on  dosing  and  opening 
the  oircnit  But  if  tbe  nerves  haTo  lost  Mme  of  tlieir 
ezcitubility,  as  is  the  case  a  certain  time  after  death, 
and  wli'rn  thoy  have  b«?n  sumcwliut  cxbaniifcd  by  tho 
appliciitiun  of  electricity,  a  difference  may  bo  noticed 
in  the  physiological  effect.  It  is  then  seen  that,  if 
direct  or  downward  current  be  applied  to  a  nerre, 
e  coiilnurtion  ts  pnxltioed  only  at  tbe  moment  when 
e  circuit  U  cstablixhi-d,  but  not  whiio  tliu  current 
continues  to  traverse  tbo  nerro,  nor  at  tiio  moment 
wlien  it  CMses  to  pass ;  and,  on  tbe  other  bond,  if  an 
inverse  or  npwiLnt  current  be  sent  tlirou^rh  the  nerve, 
tlierc  are  no  mntmctions  at  the  commencement  of 
tbe  otirrent,  nor  while  tbe  circuit  remaitiii  closed,  but 
only  at  tho  momcDt  when  it  is  broken.  If  a  IVo^ 
ptvparctl  in  Galrani's  fashion  is  used,  and  the  two 
legs  arc  immersed  in  two  rcBsels  filled  with  water  and 
oonneotc<l  separately  with  the  poles  of  tbe  battery, 
contractions  will  no  longer  take  place  in  both  limbs 
tbe  same  time,  as  wan  the  case  immediately  after 
dentil  of  the  lutiinid  ;  but  a  coatractjon  is  ob- 
un  malting  tbe  circuit  in  that  leg  in  which  the 
nt  is  direct  or  downwards,  and  on  breaking  tbe 
nit  in  tbe  other  leg  in  which  the  current  is  in- 
verse or  upwards.  If  the  period  clapaed  after  tlii> 
deatli  of  tbo  animal  be  still  greater,  or  if  the  nerves 
h&ve  for  a  conBidemble  time  been  subjectod  to  tbe 
action  of  the  galvanic  current,  only  one  contraction 
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wilt  occur,  <riz.  tbat  produced  by  amJcin^  the  direct 
circuit ;  and  filially,  oU  contractility  will  disappear. 
TbcM  diffvrvnccii  in  the  contractile  powor  of  the 
muscles  were  first  invcatigated  by  M.  Nobili,*  of 
Be^o,  who  has  distinguiahod  fire  diffeivnt  periods 
of  the  excitability  of  tlie  muscles,  the  first  of  wliiah 
is,  where,  bj  the  direct  as  well  as  by  the  invurse 
curront,  contractioiu  are  produced  both  at  Uic  coui- 
meDcement  uid  at  the  coasation  of  thu  current ;  the 
last,  where  neither  by  th«  direct  nor  by  the  inverse 
current  cootractioDS  are  to  be  perceived,  whether  the 
circuit  tuay  be  opened  or  broken. 

1^0  following  table  may  serve  to  illustrate 

N'lbtirt  Enw  of  Crmfraetum*. 


1 

u. 

m. 

IV. 
V. 

SlnMCunat 

iDTfTW  Ciunol 

muat 

Unaklog 

lUMnl 

KmIAhi 

Ooatnetioa 

Strang  coDtnet. 
Contnriioo 

CuntncIiaD 
F«vlilo«jntneL 

CoBlnctioA 

••• 

CouifMtioa 
9tronp:a>iiu*cc. 
SuoitgoooUiM. 

It  is  very  probable  that  these  diflerences  dupood 
u|>on  certain  changes  which  occur  in  tlic  current 
proper  of  the  nerves  after  their  sepamtkm  from  the 
aniniid  body.     Hut  NobiU's  law  is  not  invariable ; 

*  H(nnari«  ed  OtwrrMiniii  nlits  «d  iscditv  d«I  cnvnlien  I.Mpcild<) 
Hohill.  Flarenra,  1834. rol. I.  p.  ISti;  uid  AkdiIm  do  Ckiouo  «t  da 
PbjtiitWt  md  laSO,  ToL  lUr.  p.  00. 
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for  in  some  iDiitancea  just  tbo  coatraiy  will  happen, 
Tiz.  a  strong  contraction  ou  breaking  tbe  direct  aii4 
on  unking  tlic  ioTerse  current.  These  exceptions, 
wbicli,  it  w  true,  itrc  of  rara  occurrence,  urv  probably 
to  bo  nccountcd  for  by  oortuin  lliff'on^ncc8  wliidi 
exist  in  the  nntritioa  of  the  norvtfs  and  miucloB,  and 
by  the  different  way  in  which  these  parts  hiiru  been 
treated  after  death.  It  ie  a  curioos  &ct  that  two 
and  even  three  of  theae  different  periods  of  excit- 
ability of  Uie  muscles  may  exist  in  the  same  nerve  at 
the  Mm«  time,  pro\ided  that  the  nerve  be  excited  at 
different  pointa  of  its  lengtli.  This  depends  upon 
ihe  circuinstanco  that  the  nerves,  when  they  have 
been  separated  from  their  centres,  die  in  a  direction 
ttmn  the  centre  to  the  periphery,  as  was  first  pointed 
out  by  Valli  and  lUtter.  The  vital  energy-  will, 
therefore,  continue  longest  in  the  terminal  branches 
of  a  nerve.  Thus  contrnctions  mayoccur  both  atthe 
commencement  and  at  the  cessation  of  the  current, 
whatever  may  be  its  direction,  if  the  intra-moacnlar 
branches  of  the  nerve  be  excited ;  but  if  the  nerve  be 
galranised  nearer  to  the  centre,  only  two  contractions 
may  appear,  viz.  on  making  the  direct  and  on  breaking 

iC  inverse ;  while  if  the  nen-e  current  is  applie<l  close 
th«  spinal  cord,  a  contmction  is  caitM'<d  only  on 
making  tJie  direct  current.  From  this  it  may  be  in- 
ferred that  the  manifold  differences  noticed  in  tlie 
.moscular  contractions  have  not  that  im|>ortani 

lysiologicol  bearing  which  had  been  attributed  to 
by  prcTiousob»er%-cis.    It  is  ciuite  true  that  there 
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arc  diflxTcnt  periods  of  excitubility  in  the  DerrM 
aAer  tli«y  hiiv«  been  scparoitid  trom  tbu  animal 
body.  Bat  tiiese  do  never  occur  in  thi*  Uring  nerres, 
80  long  aa  tbe^  ate  connected  with  the  nerrona 
centres ;  tiwy  are  merely  the  result  of  the  fatignc  of 
the  ncrro*  wliich  necessarily  occnra  a  certain  time 
after  their  sopnrution  from  the  animal  body ;  and 
aftw  they  have  hi-cn  ropoatedlj  subjected  to  tlie 
action  of  the  galvanic  current. 

Pfliiger  waa  led  by  hia  researches  to  the  entablisb- 
ment  of  a  difierent  law  of  contractions,  which  haa 
8ii]iorscded  Nobili's  law.     It  is  as  folloirs : — 


ftnufth  i<  numit 

DlrcM  viffTmoc 

tmunCnwM 

Foeblo 

Milking:  ctiauvtiDQ 

Mukiag:  oaDtnKtim 

Broaltlaitt  1Mb 

BcMUiing'.  fMt 

UKliatn 

Ualiiii^:  eontnciioD 

Makiiig :  MnUMtim 

SrMkUig:  contnelian 

BrMlung:  onatitiaa 

Btmng 

Making :  contnctiun 

Ukkisg:  nrt 
Breaking.'  csmttKCum 

Bmaking:  ictt 

Before  we  leave  this  subject,  it  is  necesRary  t^^^ 
mentJOQ  the  experiments  which  have  been  inai.le  by 
Messrs.  Longet  and  Matteucci,*  in  order  to  deter- 
mine if  different  phyeiol^^gioal  effect*  would  be  hrou);ht 
about  by  the  application  of  galvnnigni  to  the  motor 
and  the  mixed  nerves ;  that  is,  the  pure  motor  nervo^ 

■  AkMlot lie  Clilml*  lA  do  PhjruijDv,  3*  (Mct    Pui>,  1M(,  toLi 
p.  AT(. 
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beforo  they  have  received  sensitive  fibres  from  the 
posterior  roots,  or  the  motor  nerves  after  sensitive 
fibres  have  been  associated  with  them.  They  say  that 
if  the  anterior  roots  were  galvanised,  contractions 
were  produced  on  making  the  inverse  current  and  on 
breaking  the  direct,  while  the  contrary  was  observed 
if  the  mixed  nerves  were  subjected  to  the  action  of 
the  current ;  viz.  contractions  on  making  the  direct, 
and  on  breaking  the  inverse  cnrrent.  Hence  they 
concluded  that  it  might  be  possible  to  tell  the  natnre 
of  nerves,  whether  mixed  or  purely  motor,  by  merely 
applying  to  them  a  continnooa  current,  and  noticing 
the  physiological  effect  produced  by  it.  These  results 
have,  however,  not  been  confirmed  by  the  recent  and 
more  exact  researches  of  Claude  Bernard  and  Ilous- 
seau,*  BO  that  the  assertions  of  Messrs.  Longet  and 
Mattencci  deserve  a  place  only  in  the  history  of 
physiological  science. 

Effects  on  Liviiig  Nerves. — When  the  motor  nerves 
are  in  their  normal  connection  with  the  nervous 
centres,  the  application  of  galvanism  produces  some- 
what different  effects  from  those  which  are  observed 
in  nerves  separated  from  the  body  of  the  animal. 
It  was  first  pointed  out  by  Valentin  and  Bernard, 
that  if  a  nerve  was  galvanised  while  still  connected 
with  the  spinal  cord  of  the  living  animal — that 
is   to   say,  in   its  normal  physiological  condition — 

*  Le^nn  dur  Is  Phjsiolojpc  el  la  Pntliolagie  dii  Systime  nerreu, 
par  31.  Cliiudc  Beroani.     PuHb,  1838,  vol.  i.  p.  187. 
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a  eontractioa  vn»  proiliiccd  only  oti  nhhtithimj  the 
circtiil,  whAterer  miglit  be  tl>o  direction  of  the  cum-iit. 
But  if  tbe  ncrvo  wm  fati^«d  by  any  caiuv,  oa  for 
instiuice,  by  the  prolonged  and  energetic  action  of 
the  gnlvanic  current,  or  by  the  action  of  heat  during 
summer,  or  if  Uxe  nerve  was  ligatured  or  divided 
aboTe  the  point  touched-  by  the  electrodes,  two  con- 
tractions were  produced,  one  at  tho  commcneemcnt 
and  another  at  the  cessation  of  the  current.  These 
two  contractions  arfi,  therefore,  an  indication  of  a 
fatijjucd  state  of  the  nerve.  If  the  fati(^e  becomei 
oreater,  contractions  arc  only  produced  ou  making 
the  direct  and  brciiking  th«  inrcrso  currunt ;  finally, 
only  a  single  contraction  is  obtained  on  making  the 
direct  cummt.  These  four  dilTereut  periods  suocMd 
imch  other  mndi  oiorc  rapidly  in  summer  thau  in 
winter,  lis  cold  wcathfr  is  favourable  to  tbe  con- 
tinuaace  of  the  excitability  of  the  nerve. 


Effect*  on  the  f/ivin^  Nercea  of  Man. — If  in  a  liealthy 
man  a  feeble  or  moderately  powerful  continuous 
current  is  made  to  act  ou  a  motor  nerve,  thnrv  i$ 
onlt/  a  contraction  on  tetahlukinij  t/ic  circuit,  whoteTer 
may  ho  the  direction  of  th«  current,  and  whether  the 
closing  and  opening  is  effected  witJi  the  positive  or 
the  negative  pole.  At  the  eegaation  of  tJie  eurrail 
tlure  is  no  cMilraetitm  at  (Ui.  The  negative  polo  1^ 
however,  in  BO  fhr  more  effective  than  the  positive, 
that,  if  the  negative  is  applied  to  the  nerve,  and  the 
positive  to  the  muwlCf  &  coatnction  on  closing  will 
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be  produced  by  less  galvanic  power  than  if  the 
position  of  the  poles  is  reversed. 

Oalvano-tonic  Contractions. — If  the  power  of  the 
cnrrent  oaed  is  very  high,  tonic  contractions  may  be 
obaerved  during  the  whole  time  the  circuit  is  closed, 
and  also  on  opening  it.  These  contractions  have  by 
Bemak*  been  described  as  galvano-tonic  contractions. 
He  observed  that  if  a  very  powerfiU  cTirrent  was  sent 
through  certain  nerve>trunl^,  tonic  contractions  were 
apt  to  occur  in  the  antagonistic  muscles.  Thus,  for 
instance,  when  he  acted  upon  his  own  median  nerve, 
he  felt  tingling  in  all  the  parts  animated  by  branches 
of  the  median  nerve,  and  observed  a  contraction, 
which  gradually  increased,  in  the  extensors  of  the 
wrist  and  of  the  fingers.  The  hand  was  raised  to  an 
angle  of  about  45°,  and  the  fingers  were  extended. 
This  contraction  continued  as  long  as  the  current  of 
tbe  battery  circulated  in  the  median  nerve,  but  the 
hand  immediately  dropped  on  breaking  the  circuit. 
He  states  that  be  was  able  to  resist  the  involuntary 
extension  of  the  hand  while  the  circuit  was  closed, 
since  he  preserved  the  full  force  of  volition  over  the 
muscles  animated  by  the  median  nerve ;  but  as  soon 
as  he  ceased  to  resist,  the  extension  of  the  wrist  and 
the  fingers  was  again  produced.  Tlie  same  took 
place  if  he  sent  a  continuous  current  through  the 
trunk  of  the  radial  nerve,  by  placing  one  electrode  to 

'  GoIvanciUienkpiedcrNdTun-umlMiukelluaiiUiciUii.  Bsilin, I808, 
p.  i6. 
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tliv  point  between  biceps  and  tn<:epfl,  vrliere  tli« 
ndiiil  uc-rvc  u  lux-cssiblc,  uiil  the  oUicr  vlvctrode 
on  thd  biu-k  of  tlie  fore-arm,  where  the  inter^oeseooB 
nerre  ta  auperficial  He  then  perceived  tonic  cod- 
tniotions  of  the  tnuscles  animated  b^  the  mo<1ian 
and  ulnar  nervee,  tliat  is  to  aay,  flexion  of  the  bund 
and  the  fingent.  He  t«mied  these  contractions  gal- 
vano-tonic  contractions  in  order  to  distinguiah  them 
from  the  clonic  uontructiDn«  which  are  cjiused  in  the 
luUDcles  bj-  the  induced  current  or  a  rapidly  inter- 
rupted continuuna  cniTent ;  and  he  believen  them  to 
he  due  to  variationa  in  the  density  of  the  currunt, 
innamuch  aa  the  resiatnnce  in  the  circuit  varies  as 
the  current  continues  to  circulate.  In  order  to  pro- 
duce galTano-tonic  contractiona,  a  current  of  great 
power  is  neceaearjr.  Usually  thi^  current  causes 
much  pain,  and  in  aome  inatanoes  the  puin  may  he 
Nvcra  cren  if  no  galrauo-tonic  contractions  take 
plitcc;  while  in  otlier  instances  less  pain  may  be 
experienced,  and  the  contractions  be  well  mtirbed. 
If  a  somewhat  conaidorablo  length  of  tJjc  nor\-on.s 
trunk  l>e  traversed  by  the  current,  the  contractions 
arc  more  easily  produced  than  if  only  a  small  portion 
of  the  nerre  is  acted  upon.  In  some  cases  it  is  suffi- 
cient to  employ  from  twenty  to  thirty  phitcs  of 
Daniell's  battery  chjirgcd  with  ueid;  in  other  in- 
stanoea,  however,  fifty  are  necessary.  Besides,  in  Uie 
same  individual  the  phenomena  may  ho  different  on 
diflerent  days ;  so  that  at  first  contractions  occur  in 
the  niusclea  animated  by  branches  of  the  uerrc  which 
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traversed  b}-  the  current,  nhile  at  aoother  time  Uie 
tagonistic  inu«cl«>4  nro  nflcctod ;  sometimes  even  a 
struggle  Duiy  be  obserrcil  botwoen  tb«  diffenmt  f^upi 
of  muscles,  m  tlui.t  at  first  tlierc  ui  flexion,  and  some 
time  itnemunl!!  vxtotmiou,  while  tlie  current  continues 
to  truvcrso  tlie  same  nerve.  In  Remnk'a  opinion 
these  contractions  are  not  produced  b;  direct  exciUi^ 
tion  of  the  nerres,  but  axe  reflex  moremeuts,  caused 
h^jr  the  propagation  of  tho  giUvanic  current  to  the 
^BerTouB  centres.  It  is  howeror  most  probable  that 
^^UM  incongruous  phenomena  observed  hy  Bomalc  are 
duo  to  galvanic  ill-usuge  of  the  nerves  and  niuaclea. 

The  circuuBtanoe  whether  the  circuit  is  closed  in 
the  battery  after  the  electrodes  bare  been  placed  la 
eontuct  with  the  nerves  and  muselos,  or  whether  it  is 
cloaed  by  directing  cUtctrodea  already  traversed  by 
the  currL'nt  to  the  nerves  and  muscles,  does  not 
appear  to  cause  any  diflereuce^  iu  the  physiological 
^effects  of  the  current. 
^B  A  phenomenon  which  is  invariably  observed  when 
^Hie  continuous  ciUTeot  is  upplit^  to  tho  Dorves  and 
^HniBcIes  of  the  living  man,  is  that  the  power  of  the 
^^Dutiaetion  produced  on  closing  the  circuit  gra- 
dually incroaaes,  while  if  the  induced  current  be 
ttsed,  the  extent  of  Ute  contractiou.t  remaina  the 
nunc.  Benedict,*  who  alludes  to  tins  increase  of 
galvniio- muscular  contractions  during  the  application 
of  tlie  continuous  current,  oacribcs  it  to  an  incruase 
of  nervous  excitability  in  consequence  of  the  applica- 
■  EUrtMdnrupw.    Wiou.  1668,  p.  32. 
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tion  of  the  galrunism.  But  tbis  only  porttall}*  cxptoiBS 
tho  circumstancMi  of  tlie  cuho,  tlto  cbivf  cause  of  the 
plteoomeDon  being,  in  my  opinion,  that  by  the  appli^ 
cation  of  the  cnirent  the  resistance  of  the  akin  in 
considerably  diminLilied. 

Soon  niter  Uie  current  Ima  been  uuido  to  act,  ibit 
skin  18  aoen  to  aaeumi'  a  pinkish  huo,  in  consequence 
of  the  dilatation  of  the  blood-vessels  of  the  coriiun; 
and  a»  the  blood  is  the  chief  conducting  mediain  of 
tim  human  body,  an  increased  quantity  of  it  in  any 
or^n  must  of  course  improve  the  electric  conductifity 
of  tJiat  organ.  The  induced  current,  which,  if  applied 
in  moderate  power  and  by  mointened  conductors,  has 
no  influence  on  the  blood-Teasela  of  the  skin,  produoos 
therefore  ^nerally  the  same  cfTectii  at  the  commonce- 
mentand  attheendof  theoperation;  but  a  continuous 
current,  which  at  tint  may  produce  hardly  any  oon- 
troctjons  at  all,  generally  cau^M  ext^-'ueire  contrac- 
tions after  the  circuit  has  been  made  and  broken 
ten  or  twenty  times,  or  after  the  electrodes  luive 
remained  fixed  for  half-a-minateora  minut«on  those 
points  of  the  skin  which  correspond  to  the  motor 
nOTTCe. 

The  galvano-muscular  contractions  are  much  move 
marked  if  a  portion  of  the  nenrous  centres  is  included 
in  tlio  circuit,  Uian  if  merely  the  motor  nerve  and 
muscle  be  acted  upon.  Thus,  for  instance,  a  current 
which,  if  applied  from  the  peroneal  nerro  down  to 
the  foot,  will  not  produce  any  contractions,  does  so  if 
one  pole  is  placed  to  the  lumbar  portion  of  the  spine; 
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ad  eren  more  ao  if  one  pole  is  placed  lo  the  oervicAl 
ottion  of  the  spinei  or  to  the  liend.  If  aii  inrerse 
correni  is  directed  fhiin  Uie  nerre  to  the  spino, 
contruc-tions  arc  only  olMorred  on  opening  the  cir- 
cuit. 


Epi^U  of  the  CloKd  Oimit'.— The  first  who  directed 
bis  attention  to  tlie  question  vhetlier  any  physio> 
lofpcnl  cfTocts  are  prodncod  during  the  time  that 
B  closed  contdnuoUH  ctin-L-nt  tnnviTHCs  it  nerre  waa 
Bitter/  who  observed  thiit  if  a  frog's  leg  be  traTersed 
fur  a  certain  time,  say  half  an  hour,  by  a  direct  con* 
tinuouH  current,  it  did  no  longer  exhibit  any  contmc- 
tions.  if  the  ciuTCnt  xnis  interrupti^d  ujid  aflervrarda 
established  and  broken  u,^m  ;  but  that  it  suffered  a 
commotion  if  an  inverse  current  vms  applied  to  the 
oerre ;  this  commotion  being  feeble  on  luiiking  the 
cin-uit  and  ittrong  on  breaking  it.  If  now  aninvetse 
current  wiw  mode  to  act  upon  n  log,  it«  excitability 
appeared  to  be  increased.  Honco  Ritter  concladed 
that  the  direct  cnrrcnt  eiereis4>d  a  paralysing  action 
on  the  nen'e,  while  the  inverse  current  waa  apt  to 
aogment  tt«  irritability. 

Rittor  nJso  discovered  tJiat,  when  a  nerre  hu  fbr 
some  lime  Iwen  traversed  by  a  continuous  gtilvaxtie 
current,  the  muscles  animated  by  this  nerro  pou  at 
Ouoo  into  strong  tetanic  contractions  whcD  the  circuit 

•  tUftU  il*M  till  •dtoliUodifw  OsJnBiuniu  He,    WKiDot.  I'DS. 
tlV. 


200  ELECTBO-PHYSIOLOGT.  [csir.n. 

is  opened.*  A  direct  current  does  not  give  rise  to 
this  tetanus,  nor  does  the  inTerae  cmrent  do  so  niL- 
leas  it  baa  acted  for  a  sufficient  length  of  time.  This 
phenomenon  is  called  '  Ritter's  tetantu.' 

Three  years  aAerwards  Yolta  made  some  experi- 
ments to  determine  the  effect  of  the  closed  circnit 
npon  the  motor  nerves.f  While  Bitter  had  operated 
with  a  single  galvanic  p^,  Yolta  employed  the 
stronger  current  of  the  pile,  and  therefore  obtained 
different  results,  which  may  be  described  as  follows : 
Both  the  direct  and  inverse  current  exercise  a  pazsr 
lysing  action  when  they  have  traversed  the  nerve  for 
a  certain  length  of  time.  When  the  nerve  baa  for 
some  time  been  subjected  to  the  action  of  a  direct 
current,  the  frog's  limb  no  longer  responds  to  the 
same ;  but  it  may  be  convulsed  anew  if  an  inverse 
current  be  sabstituted  for  the  direct,  and  vice  versA. 
This  may  be  repeated  several  times,  and  we  may  thus 
annihilate  and  revive  ad  lihitum  the  readiness  of  the 
muscles  to  respond  to  the  galvanic  current.  The 
succession  of  phenomena  just  described  has  been 
designated  by  the  name  of  Voltaic  altemativea  ;  but 
to  Hitter  the  merit  is  due  of  having  first  proved  that 
the  closed  circuit  has  a  distinct  action  upon  the 
motor  nerve. 

In  1834,  Volta's  researches  upon  the  action  of  the 
closed    circuit  were  repeated   by   Marianini,^   who 

•  Beitrago  oM.  1800,  vol.  i.  p.  142. 

t  CoIlozioDO  deir  opere,  ?tc-.  vol.  ii.  p.  219,  noft  (a). 

i  AnnoleB  dc  CMmio  et  de  Fhysiqne,  vol.  Ivi.  p.  3ST>    Paris,  1831. 
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opemtM  with  a  pile  consistitig  of  sixty  piiirs  of  platos, 
and  confirmed  V»Ita'.4  results.     NobiLi  *  endeavoured 
to  expliun  those  phenuiiiunu.  iii  the  foUovring  way : — 
aasamed  three  different  8t«t«8  id  the  nerve — n. 
the  natural  state ;  b.  the  etato  of  direct  ult«ratioa, 
brought  iibout  by  a  prolonged  actdon  of  a  diriwt  con- 
tinuous current ;  and  e.  the  state  of  inverso  altera- 
tion produced  by  the  pasflage  of  the  inverse  current. 
He  thought  it  iiecc««axj  for  the  production  of  con> 
troctioiw,  that  there  should  he  a.  8u<l>lun  trnnsitioR 
in  the  nerve  from  oue  state  to  the  other ;  and  bo- 
^■lered  tliat  by  the  prolonged  action  of  a  continuous 
^KnrrcQt,  whu.tever  might  be  its  direction,  the  nerve 
^^ras  rendered  iticujpabla  of  trmnsuitting  tlie  action  of 
a  current  moving  in  the  tamo  direction :  but  that  it 
would  regain  this  property  if  it  wero  allowed  to  reet 
for  some  time,  or  if  it  were  acted  upon  by  u  current 
guided  in  a  contrary  direction. 

Bo9enthal,t  who  luu  iuTestigated  this  Bubject  very 
carefully,  has  come  to  the  conclusion  that  if  the  con- 
tiuuous  current  traverBcs  a,  motor  nerve  for  a  certain 
length  of  time,  it  causes  a  [Mwuliar  condition  in  the 
same  in  which  ita  excitability  i*  inrrMted  to  the 
opening  of  the  acting  current,  and  the  closing  of  one 
Sowing  in  un  opposite  direction ;  and  Jiminithrd  to 
the  cloaing  of  the  acting  and  the  opening  of  Ota 
opposite  current. 


I  ■  IbU..  T«l.  iIIt.  p.  W. 
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Inhihifory  effetU. — ^That  a  oontinuona  current  may 
under  certain  oirciiniBtanoes  aoothe  ad  initated 
conditioiL  of  a  nerre,  hml  already  been  obfterved  bj 
Nobi]i,*  who  remarked  now  luid  thou  in  the  ooorae 
of  bis  cxperiniotit«,  tliat  prepared  fhiga  wcro  affected 
bjr  riolent  tetanus  without  auj-  apparent  cauw,  and 
again  became  quiet  if  a  continuous  corrent  wa«  sent 
tlirougb  their  Hmba  in  a  certain  direction,  while  the 
tetanus  continued  if  the  current  moved  in  the  con- 
trery  direction.  (Nobili  does  not  %\u.\e  iti  whlob 
direction.)  Matteiicci  t  aftcrwitrds  obsorrcd  that 
when  frogs,  totiuiisod  by  etrjclmia,  were  0ubji.>cted  to 
the  action  of  a  continaous  galvanic  current,  the 
tetanus  diitappcnrcd  rapidly,  and  did  not  return  ;  tbe 
frogs  died  from  the  effects  of  the  poison,  but  witliout 
the  convulsion!)  which  are  oth«>rwi8e  tlie  congcqncnc* 
of  tlio  absorption  of  strychnia.  With  rvfturd  to  the 
direction  of  the  current,  ho  stated  that  ti.-tanus  was 
am>stod  by  the  pasHOf^  of  the  inverse  and  ineresaed 
by  that  of  the  direct  current.  Toijetber  with  M. 
Fai-ina  he  end<?avoured  to  utilise  this  effect  of  tJie 
contiouous  current  in  a  patient  who  suffered  from 
tranmatio  tetanus  in  conoequence  of  having  been 
shot  through  the  leg.  He  caused  a  current  of  from 
thirty  to  forty  {lairs  of  platett  to  pass  along  the  8pin^ 
cord  in  the  direction  from  the  sacrum  to  the  nape  of 
the  neck,  and  introduced  the  patient  gradnally  into 
the  circuit  in  order  to  aroid  muscular  conmiotious. 


■  Hrtnorie  dIc,  p.  Ot. 

t  C«aii>ta>  Tpnctu  nic^  mu  1838,  rol.  ri.  p.  080. 
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locljftw  WU8  rolivvol  for  a  tinio,  cir^iiUtion 
recpiraliun  wtriv  re-cstablislivd,  luitl  thu  putieut 
»piiL>iiT«(l  ^oer&llf  comforted,  but  died  nev«rth«k'i!S 
iftcnritnlii,  the  irritation  haTing  been  k«pt  up  bjr 
tiga  bodii»  in  th»  wotind(;d  Uiub. 
Anotbt-T  instanix'  of  thiii  hiui  bot-u  montioned  by 
11  Bois-BejTnond,*  who  remarkvd  tbat  in  u  Ivtan- 
led  frog's  limb  the  gastrocnemius  muscle  became 
liet  aa  soon  aa  the  sciatic  nerve  was  biid  upon  the 
adoo  of  the  mnscle ;  tbat  is,  if  the  inverte  current 
oper  of  Uio  muwlc  wu  made  to  poM  tbrougb  tlie 
ierre ;  but  that  tlie  tetantui  continued  unchanged  if 
Ibo  nurvc  touched  the  flvsb  of  the  muscle,  that  is,  if 
tilt'*  ilirtet  current  proper  of  the  muicle  traversed  tLo 
nerve. 

Further  resetrehM  bearing  upon  this  qoestion 
were  undertaken  by  Profrasor  Echhard,t  of  Giesfien, 
who  was  led  to  the  concluHiott  that  if  a.  continuous 
current  of  a  certain  intensity  and  direction  waa  miulo 
to  piuw  thpjugh  Ik  «en-e,  tlie  excitability  of  thia  ncnv 
was  so  much  diminiuhed  thitt  any  tnochanical,  efaem- 
ical,  or  electrical  stimuli  wliiob  would  otherwise 
ennse  contractions  of  the  muscle,  no  longer  induced 
any  when  the  galranic  current  continued  to  tniversu 
the  nerre ;  but  that  a*  soon  aa  the  circuit  had  been 
opfuud  contractions  again  appeared  if  the  uenre  was 
excited. 

In  order  to  ascertain  the  differences  in  the  action 


■  UniRnndimigm  «te^  nA.  t.  p,  3S4. 
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of  a  direct  and  of  &□   invurw   cnirent,  H.  Eckbud 
maie  three  series  of  cxperimeots. 

a.  He  placed  the  posittre  electrode  at  a  nsrtain 
poiot  of  the  nerve,  and  the  negatire  lower  down  i 
then  b>tiini8«d  tht^  miisclea  bj  npitlvin^  salt  water 
the  nerve,  at  a.  point  Wttetfn  tli«  two  oiectrode*. 
aooD  as  the  elevtrodcfl  had  boen  coonocted  with  the 
poles  of  the  batter}*,  that  is,  when  a  direct  ooutinuoiu 
current  traTerswi  the  rierre,  the  tetanus  was  arrested; 
but  when  the  circuit  was  ojwned,   the  totauic  con- 
Talaiona  re-appt-ared.   This  inhibitory  effect  wua  more 
striking  if,  instead  of  the  direct,  tho  iurorse  current 
traversed  the  nerve. 

6.    Tbo  continuous  current  wn«   mode  to    pass 
through  a  motor  ncrre,  as  above,  luid  aRurwards  a 
stiniatus  applied,  not  between,  but  above  the  eleo^H 
trodes.     The  result  was  the  same  as  in  a ;  both  tlio^^ 
direct  and  the  inverse  current  exercised  an  inhibi- 
tory influence,  but  that  of  tho  invertc  waa  stronger 
than  that  of  the  direct     If,  instead  of  a  mechiuucal 
or  chemical  stimulus,  an  induced  current  wus  used 
for  exciting  the  nerve,    the  inhibitor;  effect  wnt 
strongest,  if  both  the  continuous  and  the  indui 
curreat  were  inverse. 

c.  An  inverse  continuous  current  was  sent  throoy] 
a  nerve,  and  the  stimulus  no  longer  applied 
or  above,  but  hmeath  tho  electrodes ;  tho  inhibito: 
effect  was  agBin  observed,  whether  a  salt  solution 
the  indnced  current  were  used  as  excitants.    A  direct 
continuous  current  was  then  made  to  pass  through 
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nerve,  and  the  cariooa  fact  elicited  tbat  in  tlii^ 

instance  the  oontinuoua  current  did   not  onlj  exer* 

taae   no  inlubitorj  effect  at  uU,   but   thut,   on   Uio 

oontriu-y,  the  cxoitabilitj  of  the  nerve  vras  increased 

bjr  iU  pussoge.     Tetanus,  caused  by  the  application 

of  a  fliUt  solution  to  a  nerre,  became  much  stronger 

as    soou  aa   the  electrodeB   of  a  direct  ooutinuoua 

rorrent  ircro  placed  above  tho  excited  point ;  and  if 

t  nerve  had  been  immensed  in  salt  water,  and  the 

etanuA  bad  not  yet  made  ita  appearance,  it  came  on 

I     ininiediateljr  after  the  circuit  had  been  established  in 

^bbe  way  described.     If  two  shocks  of  an  induction 

^■tpparatus   were   applied  to   the   uervc,   one   bcforfi 

^^Bulring  the  circuit,  and  tmotlier  o»o  oiler  it  hud  boon 

'     wtabllBbed,  tho  contraction  produced  by  the  seoond 

Bhoclc  wits  stronger  than  tbat  by  the  first.    Ilence 

Eckhurd  concluded  that  an  ioverse  continuous  current 

of  a  certain  intensity,  when  trarersing  a  motor  ucrre, 

I  would  enfeeble  its  excitability  altogether,  wbatcrer 
blight  be  the  t)oint  of  the  ncrrc  to  which  tlie  stiiiiulua 
Iriis  applied,  and  wkutvver  mi;;ht  bo  the  nature  of 
Qie  BliiiiiUuii  it«<jlf;  while  a  direct  continuous  cur- 
Bent,  when  passing  through  a  motor  nerve  woold 
diminish  its  excitabiUty  only  at  tbo^sc  points  to  which 
electrodes  ihemselves  were  applied,  and  at  all 
[ilats  beyond  the  positire  pole  ;  but  that  it  tended 
ineroMe  tho  excitability  of  the  uerro  on  all  those 
Kftnts  which  w4rru  beneath  tho  negative  polo. 
Ffliiger*  has  shown  that  Eckhard's  method  of 
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tlukt  the  iiiverfie  current  was  uiore  effoctiro  tlian  tho 
direct,  itiiuiuk  iirtit  uoticod  that  iii  the  living  man 
the  continuous  current  mu.y  uicrcaso  the  excitabili^ 
of  botli  sentient  and  motor  nerves.  Thus,  for  inatiuice, 
if  a  feeble  indiiood  current  in  applied  to  a  uervc,  and 
u  fvel>le  niUHcular  contracttou  is  cauHed,  tlie  Bame 
indiu-trd  current  applied  to  the  same  nerve  will  eniuc 
a  strong  contnction,  fift«r  a  continuous  current  of 
twenfy  or  tweaty-firu  culls  of  Daniell's  batterj  bus 
passed  for  half-a-minute  or  uoru  through  the  nenre 
and  muscle. 

On  the  oUier  hiuid,  the  excitabilitj  of  tlie  nerves 
muscles  oiay  be  diminished,  if  the  stimulation  is 
powerful  or  too  long  repeated.  If  a  muscle  has 
been  caused  to  contract  for  a  short  time  and  in  a 
Dtodcmte  manner,  the  intensity  of  tho  current  proper 
of  the  mtiiicle  dotit  not  appeiLr  to  be  diniiiiishcd;  but 
if  ]K)WLTful  contractions  liuvu  tulcun  place  for  a  coa- 
sidemble  time,  the  duflection  of  the  magnetised  needle 
appears  less  than  it  was  before,  showing  a  weakening 
of  tho  musicular  current.  M.  Brown- S^uaxd  *  has 
shown  that  if  a  {wwerfnl  induced  current  was  applied 
for  half-an-hour  consecutively  to  the  hind  leg  of  a 
rabbit>  and  tho  animal  wa<  then  killed,  rigor  mortis 
and  ptitri'fattion  apiwared  mueh  more  rapidly  in  tho 
lich  had  been  galvanised  than  in  tf'Q  others. 


ana 

I: 


EJettrotimvs. — FflUgcrf  has    shown  that  u  cou- 


•  OurtI*  midiailB  6r  Varir,  1919,  p.  881, 
t  UotcnnehiwgM  cl«.,  p.  M, 
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tinuooB  gaJv»nic  current  wlii<-h  travemes  a  certain 
length  of  the  nerve,  dividitB  this  bttor  into  two 
phfsiologtctUl}-  dtSerent  sections  or  zones,  which  puss 
into  oni!  nnothor  at  a  point  where  the  condition  of 
the  nerre  is  unchanged  {poitii  of  iiidifermai),  ami 
which  i«  situated  at  nn  equal  diistancQ  from  either  of 
the  poles.  One  of  these  sections  or  icones  is  placud 
into  R  condition  of  increased  excitabilitr  {raUttetw. 
iontu),  while  the  other  section  is  in  a  condition  of 
diminished  excitability  {aneieeln>lonu»).  The  zone 
of  increased  excitability  is  in  the  neighbourhood  of 
the  cathode  or  negatire  pole,  while  the  zone  of 
dimimshed  excitability  is  in  the  neighbourhuod  of 
the  anode,  or  posiUre  pole.  Tlie  condition  of  in- 
creased excitability  is  propagBtoil  fW>tn  the  negatire 
pole  towards  citJier  side,  and  the  condition  of  dimi- 
nished excitability  is  propa^ted  from  the  poaitiTe 
pole  towards  either  side.  This  alteration  of  excita- 
bility  in  the  extra-polar  portioni)  of  tlio  norve  dim!> 
nisbes  ua  the  same  ratio  a»  tlic  distance  at  which 
they  are  from  the  electrodes  increases,  and  at 
certain  distance  it  completely  disappears.  As  a  rul 
the  iwaitive  zone  of  the  nerve  diminishes  in  exti-nt 
proportionately  to  the  intennity  of  the  cnrrent ;  and 
if  the  liitter  bo  very  feeble,  almost  the  whole  portion 
of  the  nerre  included  between  the  two  electrode 
may  bo  in  a  «tate  of  increased  excitability. 

M.  Enlenburg,*  of  Berlin,  has  investigated  thea 
conditions  in  tlic  living  man,  and  has  come  to 


■  Drntiitlm  Airhir  Toa  J2cmn«i>  und  Zcndwr,  1187,  Bd.  iii.  p,  llf 
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following  conclusions: — Curtain  motor  Demi's  irliicb 
are  easily  eceeMiWe  to  the  fjulvunic  current,  such  as 
the  spinal  accessory,  the  median,  alnor,  and  pcronwal 
nerves,  and  certain  mnacles  which  are  easily  aocessiblo, 
snob  AS  tlic  deltoid  and  the  opponens  pollicis,  may 
be  made  to  aftsume  the  electrotonio  state  during  life. 
Be  placed  the  negative  electrode  of  an  induction 
apparatus  on  the  nerve,  and  the  positive  electrode 
on  the  sternum;  after  which  he  sent  a  direct  or 
inverse  continuous  current  through  the  nerve  above 
the  negative  electrode.  It  was  then  seen  that  if  the 
inverse  current  vraa  osed,  a  negative,  and  if  the 
direct  current  was  uiied,  a  positive  modification  of 
excitultility  took  place  in  that  portion  of  the  nerve 
which  was  lK>hind  the  electrodes ;  and  that  the  extent 
of  the  positive  and  negative  modiScation,  and  the 
duration  of  the  subsequent  effects,  increased  in  pro- 
portion to  the  power  of  tlie  current,  and  tlio  length 
of  time  during  which  the  circuit  remained  closed. 
As  regards  the  mu;4flcs,  Eulenburg  found  that  there 
was  a  distinct  positive  modifimtion  with  catelectro* 
tonus,  while  the  negative  modificaticni  with  anelec- 
trotonus  was  less  perceptible. 

U.  Siunt  *  has  likewise  mule  a  series  of  experi- 
ments on  tliis  subject,  the  re«utts  of  which  do  not 
quite  agree  with  those  obtain^]  by  Eulenburg.  Ac- 
cording to  Stunt,  this  is  due  to  the  circumstance 
that  in  Eiilenbnrg's  experiments  the  excitability  of 
the  nerves  is  modified,  not  only  by  the  pressure  of 
*  CMUnlbloU  tit  (U*  nH.  Win.    MMamUr  leflS. 
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Uie  electrodes  upon  tbe  same,  but  lUso  bj  the  effbct 
of  the  tnducod  currout  vrliioH  is  tutcd  as  a  etimulant. 

Voa  Bezold  lias  Bhonn  tba.t  during  elcctrotonoB 
ibc  power  of  oondaction  is  diniiaUbed,  in  the  wa- 
olcctrtit^mic  lui  well  tta  in  tlie  cateleotrotouio  portion 
of  tht!  ncn-c ;  and  tliat  if  the  nerve  be  excited  by 
closing  tliu  circuit,  more  time  is  required  for  making 
the  contraction  appear  Iban  if  it  be  cxcit«d  by  opening 
the  circuit.  This  is  more  specially  the  wwo  if  th© 
inverse  current  be  used,  and  not  so  much  with  the 
direct  current.  Yon  Bexold  belieres  that  whenever 
a  continuotis  current  enters  a  nerve,  a  certain  space 
of  timv  is  neccswiry  for  preparing  the  nerve  to  respond 
to  the  current,  and  that  this  time  of  preparation  is 
the  shorter  the  greater  is  the  power  of  the  current. 
According  to  the  same  observer,  the  condaetion  is 
also  retai'ded  in  the  vnurutar  fibre  during  the  electro- 
tonic  state ;  but  thin  ia  exactly  liniitcil  to  the  place 
where  the  electrodoH  are  applied,  and  does  not  extend 
beyond  th<>m,  as  it  does  in  the  nerve. 

Electrotoiitis  is  only  produced  by  the  continnoq^H 
current,  and  not  by  induction  currents.     It  appeaiV 
probable  that  this  is  to  some  extent  the  cause  of  the 
therapeittical  superiority  of  tlie  continuous  orer  the 
induced  currcnL 

IlL-inftk  has  obserrod  in  some  cases  that  if  a  direct 
current  of  from  twenty  to  thirty  pairs  of  Daniell's 
buttery  wa«  applied  to  a  motor  nerve  in  the  living 
man  there  was  only  pain,  while  if  tlie  invorite  current 
wu  used  there  waa  only  contraction.     If  forty  paira 
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or  more  wvre  uses!  tlicre  were  contractions  on  cloning 
the  circuit,  both  wiUi  tho  dirMt  and  tbe  iuremc 
current ;  and  if  the  so-called  '  uni-polar '  nppUcatton 
was  used,  that  is,  if  one  conductor  was  placed  on  tbo 
lerre  and  tlie  otlier  on  any  other  part  of  the  body, 
positive  electrode  corrfspondod  in  almost  all 
to  the  direct  current,  while  the  negatire 
ulectrodc  answered  to  the  inverse  current. 


Inhermi  itiuctilar  IrntahiUli/. — So  much  for  the 
remarkable  phenomena  brought  about  by  the  electric 
excitation  of  the  motor  nerves :  we  now  proceed  to 
>uidcr  the  qnestion  whether  or  not  tbe  electric 
'enrrent  has  anj  direct  and  immediate  action  upon 
tlie  innHcuhu'  fibre  without  the  iuterveiitioa  of  nervoua 
filameuU.  Is  there  a  vU  muteulima  itutita,  a  property 
inherent  to  the  muscular  Rbre,  which  is  capable  of 
being  excited  to  action  independently  of  the  imme- 
diate instmmentalitj'  of  the  nerves ;  or  are  tlie  nen-ea 
the  only  excitoro  of  muscalar  motion,  and  is  it  always 
ry,  in  order  to  cauae  rauacular  con tnict  ions, 
Pfliat  tbe  vital  energy-  ot  tbe  motor  nerve  animating 
the  muacle  should  havo  been  preriously  roused? 

It  is  obvious  that  it  would  not  be  difficult  to  settlo 
this  question,  if  it  were  as  ea^y  to  prepare  muscular 
Ibrcs  witliout  nervous  matter,  as  it  ia  to  preparo 
vcfl  without  muscular  subatance.  Dot  even  if  tbo 
itcst  care  be  taken  to  remove  every  nerrous  fibre 
tlie  muKculnr  tissuo,  ^onendly,  by  meiMis  of  the 
ioroBcope,  small  aerrous  filamcnki  uuiy  be  discoTered 
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IB  trritabOify 

prvpcr  to  all  the   tJMUL*,  enn  b>  th«  booH  and 

llqaldiertbe  Ihomb  body,  vhife  Halkrt  w»s  Uu 

ftlti  to  poiai  it  oat  as  a  ^mmtj  inbovnt  to  the 

ffflseolv  fibce.    He  temed  initalile  put   of  the 

)U— II  body  or  gaaealar  fibre  that  which  Mthortfoed 

If  tooehed  bj  aaj  faniga  body ;  sod  Ktuitivc  or 

nerroaa  Sbru  that  which,  if  toocfaed,  ttannnitB  to 

iJja  tnind  tbe  tmprcsBifm  of  contact,  and  the  irritation 

of  which  in  BatmaU  occasioiu  vrideot  signs  of  pain 

^d  dtwrnnfort.    Aeootding  to  HallCT,  sensibilitj  and 

irritubiltt/  ore  propcrtiea  totally  independent  ofcoch 

otiier.    MoBt  tiwuu-a  are  senaitive,  aiid  this  proportj 

1«  .,oiwH)Kiicd  by  tbom  in  a  direct  proportion  to  the 

qimiitity  of  noroua  Bbres  they  contain  ;  a  part,  tlie 

nervoii  of  wliidi  hare  been  Ugutured  or  divided,  has 

l(Ml  iU  »fti«il>ility  i  pwtii  which  are  devoid  of  nerroiw 

abrw*,  itwb  «*  t''*"  d«ni-m**<-i".  the  comoa,  tlio  tondona, 
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an  not  eiciuitiTC.  But  the  neires  do  not  possMs  the 
slightest  umount  of  irritability,  sinoe  they  are  never 
put  in  nidtiuD  thuiuBeWes,  whatever  stimulus  may  be 
applied  to  them.  Seniiibility  is  a  property  which 
ceiuea  with  life.  Irritability,  on  the  contniry,  is  to 
be  obscrred  a  certain  tinio  after  life  has  bocoine 
(.'xtinct,  or  nRvr  the  ncrrus  of  a  part  huvo  bwn 
divided ;  it  ia  by  no  means  so  generally  diffused  in 
the  •ystem  as  sensibility,  as  it  is  possessed  merely 
by  the  muachts,  the  intcatinvs,  the  chylifera,  and  the 
nrtcrica.  Those  parts  are  not  eensittre,  or,  if  they 
are,  the  property  ia  not  inherent  to  their  structure, 
but  merely  due  to  the  few  iiervooa  fibres  which  ore 
mixed  tip  with  them ;  and  if  motion  be  canted  by 
the  iuHtrumcntuhty  of  the  nurvea,  it  is  only  by  their 
eoodncting  the  orders  of  volition  to  the  muscles,  and 
atrengtheniug  their  inherent  force.  Haller  was 
Tore  the  iirst  to  make  a  distinction  between  the 
'toiw  of  motion  and  sensation ;  he  is,  in  this 
Toqiect,  tlie  precursor  of  Sir  Charles  Betl^  who  pointed  * 
out  that  there  are  also  dtfron^nt  ttrt)a*u  for  motion 
and  sensation,  viz.  the  motor  aaid  sentient  nerves. 

nailer  snpported  his  opinion  especially  by  refer- 
ence to  the  disproportion  that  exists  between  the 
bnllc  of  the  nerves  and  the  coatnctile  power  of  the 
organs  in  which  they  arc  lamiflod;  thus,  for  instance, 
the  heart,  which  bus  the  greatest  oontraetih'  power  of 
all  the  muscles  of  the  aninuU  body,  has  very  few  and 
imall  nerves  only.  Haller's  chief  opponent  in  the 
century  was  a  distinguished  German  physician. 
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Dr.  Fnzcr,*  who  proved  tliat  there  are  neircs  in  all 
luuACular  orgADS,  and  maintained  that  the  iierres  aru 
the  only  exciture  of  tiiusctilar  motion ;  when  motion 
occurs  in  mttsclus,  tho  ncrrcs  of  which  have  heeu 
ilirided  or  ligatured,  the  motion  i»,  according  to 
Unzer,  soleljr  due  to  the  fine  intra-iatuculur  nervous 
fiUunent«.  TJuiser*8  view,  however,  was  contMt«d  by 
Felice  Fontana,t  who  supported  his  opinion  hy  an 
important  exjieriment.  He  divided  the  crural  nerv^ 
of  frogs,  and  observed  tliat,  after  a  certain  time,  tlie 
muscles  of  the  thigli  still  contracted  when  a  stiuiutua 
wu  applidd  directly  to  the  moBculiu:  substance ;  but 
that  the  mtiHok-H  nimiiined  perfectly  quiesooat  if  tbfl 
nervous  trunks  were  irritated. 

After  the  discovery  of  galvanism  the  question  was 
again  taken  up  with  much  interest.  Galviuii,  Volta, 
uiid  Valli  miuntiiiiiod  that  inuiiciilar  contnictions 
wure  caused  by  tho  '  motallic  stimulus'  if  tho  musclM 
alone  were  touched  by  the  galvanic  pair;  bat  otben, 
'like  Fowler,t  thought  that  we  should  never  arrive  at 
a  solution  of  this  question,  since  it  would  alwayH  bo 
iiupossible  to  satisfy  ourselves  whether  nerves  had 
not  been  present  iii  a  muscU'  contracted  by  electricity. 

The  sumo  view  was  taken  by  Baron  Humboldt,} 
who  n)aintain4.-d  that,  if  a  pii>ce  of  muscular  flesh  waa 

*  Enic  GHtniln  tia<-r  Pliyuoltfii*,     Lmi>iii|t.  1!7I. 

t  Rip*reh.' filinopliiehc  »opm  la  t'iiiFoi  .AniniiiK  ITTA,  Tnl.i.  p.  13^ 
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eo  prcpiiTtid  Uui.i  no  n«rrous  61jrc  was  visible  tn  it  (as 
may  best  bo  dune,  ho  says,  in  the  opper  part  of  a 
bog's  ttiijj^h,  or  in  the  fina  of  a  fish),  ao  contraction 
was  earned  by  gatraniam.  If  tliere  was  a  contrucljon, 
lowerer,  it  was  easy  to  diatiiignisb  by  niL-unH  of  a 
nifying  gUiss,  iraoes  of  iwn-ous  lilauiviita,  whic-li, 
itc  of  eiireftil  dimeotion,  hud  buou  Ivtl  in  the 
uscukr  substance.  Ho  was  therefore  led  to  the 
eonclosiuD  that  irritability  is  a  property  of  the  com- 
poand  structure,  the  nerves  receiving  the  stimulus, 
and  the  niuacles  niidergoiug  oosti'aotioD. 

Fifty  yean  later,  the  same  opiniou  was  giroa  by 
Honshull  Hull,*  who  thought  the  question,  whether 
the  property  of  irritability  belonged  to  the  pure  and 
isolated  tnudcular  fibre,  or  to  the  muscuUr  fibre  com- 
bined with  the  nerves,  could  not  bo  detonuinod  by 
diiuct  exi>L-rinieiit,  and  tbnt  irritiibility  belonged, 
bably,  to  the  compound  structure. 
In  1834,  Poutana's  experiment,  to  which  I  have 
laded  above,  was  repeated  by  M.  Sticker  under  the 
perintendeiice  of  J.  Miiller,  of  Berliii.t  Slicker 
lOud  that  some  we«ks  after  the  sectiou  of  tlio  nerres 
been  made,  neither  the  nerves  nor  the  muscles 
responded  to  the  galvanic  stimulus.  But  Longet 
rightly  objected  to  this,  that  Sticker  bad  allowed  too 
mach  time  to  elapse  before  be  compared  the  excit- 
lUi^  of  nerves  and  musdee.    Another  objection 

Aitula  '  Iniuliiljly,*  is  CrdapKdk  of  Anttamf  oni  Vhytiakfj, 
47,  vol.  iii.  f.  n. 

1  f  Dabcr  iTio  Ti-rliulwunf^  An  KdfU  diuduchniltaiut  Koitm. 
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wbicfa^  in  mj  t^inion,  sbonld  be  made  to  Stidcer,  is 
Uut  in  hia  reaearebea  he  used  only  a  atngle  gahuiio 
pair  to  excite  tlte  muiicles,  and  that  perhapa  lu>  migbt 
bare  ntccoedwl  in  obtaining  mtwciiUr  cootractioafl^ 
if  be  bad  nsed  a  powerftil  botterr  iiut^od. 

The  cxperimoiitji  of  Fontuna  and  Sticker  were 
peated  by  Longet,*  who  took  can  to  examiae  tbe 
Dvrte  dnriog  tlie  first  few  dsTa  after  tbe  operation. 
Be  found  tbnt  u  motor  nerve,  wblcb  baa  htfcu  sepa> 
rated  from  the  cerrons  centre*,  loses  ei-L-ry  trace  of 
excitabili^  on  tbe  fourtb  day  after  it  has  be«it 
divided  ;  any  mechauical,  cbemical,  or  electrical 
stiiiiuti  will  tben  fiiil  to  produce  muscolar  conttw}- 
tions,  if  they  bo  applied  to  tbe  free  extremity,  or  the 
branches  of  tbe  dctvo;  bnt  a  muscle,  tbe  motor 
nerve  of  which  bas  lost  its  excitability,  nay  still 
visibly  vibrate  under  tbe  influence  of  astimulug,  ereu 
twelve  weeks  aft4>r  the  section  of  tbe  nerve  has  been 
mode.  From  this  Longut  inferred  that  tbe  motor 
netres  are  not  tbe  only  excitors  of  muscular  motion, 
and  that  miucnUr  irritability  is  indepeiulent  of  the 
motor  nerves,  but  dc[)cnd8  essentially  upon  the  supply 
of  arterial  blood,  a  condition  necessary,  not  to  impart 
or  commimicato  to  the  uiUHcles  the  proi>erty  in  ques- 
tion, but  only  to  niaintuin  in  the-  niuticulur  fibres  Uie 
iiiitritioa  which  keeps  up  the  vital  properties  of  all 
the  tJBsues  of  tbe  animal  body. 

Dr.  John  Reid  waa  led  to  tbe  same  conclusion  as 

•  D*  rirriUbilllA  mniontitlra.    AnliirM  gtninloa  d«  SMmM,  !■ 
M».    P*rii,  IH(3.  TOL  slii.  p.  St. 
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Longet.*  He  divided  thi?  spiDft]  nerrc«  in  the  lower 
jMirt  of  tiie  spinul  eaitiil  of  frogs,  80  that  both  hinder 
i-xtremities  were  insulated  from  their  neirons  con- 
nection with  the  Hpinal  cord.  He  then  daily  exer- 
cised the  ninitclen  of  one  of  the  pnnilyaed  tinilM  by  a 
f«eb1e  galvanic  carrcnt,  while  the  nui«cle8  of  the  other 
limb  were  allowed  to  remain  quioscent.  Tliia  was 
Continued  for  two  montlis,  und  ut  the  end  of  that 
tiniL>  the  muscles  of  the  g«]vaniz4<d  Unib  r«Uiincd  tlieir 
original  size  and  fimuieBB,  and  contracted  Tigorougly, 
while  those  of  the  qaieacent  limb  had  shrunk  to  at 
leoat  one-luLlf  of  their  former  bulk,  and  preftentod  a 
marked  contrast  with  ttiose  of  the  galvoniaed  limb. 
But  even  at  the  end  of  two  months  the  musclos  of  the 
quiotceot  limb  had  not  loet  their  contractUitj-. 

Stannius  f  repeated  these  experiments,  and  found 
tliat  the  muscles  retained  their  irritabili^  six  months 
alter  the  nert'ca  liad  been  divided,  while  the  nen'es 
had  lost  their  excitability  much  ejirlier.    The  muscles 

r  which  did  not  contract  on  irritation  of  the  nerves,  re- 
sponded reiuliljr  to  the  electric  cnm?nt  applied  directly 
to  their  ti&sue.  But  Stannius  himself  suggested 
tlifrt  this  was  no  concluaire  proof  for  the  oxistCDM 

<  of  Holhtrion  irritability,  since  the  nerves  die  in  a 
direction  from  the  c«ntrc  to  the  periphery  (law  of 
Valli  and  Bitter),  and  that  thon.'ifore,  while  the  tninks 
of  the  nerves  bad  lost  their  excitability,  yet  the  6ne 

■  EdialiDrsii  UoDlhly  Joanai  of  Utdial  Sdenc*.  Hay  IMS,  p. 
SIT. 

t  UntBrtnebuiigni  ihtt  XMlulnUbaikciL  If  dlUi'*  Aftfair.,  IM7, 
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nerroQi  fibres  contained  in  the  mtueultu  Uuae  might 
have  retainwl  their  integritj. 

M&rianini  condodt-d  &om  his  experiments  that 
the  miucles  may  be  directly  acted  cpon  hy  the  deo- 
tric  current  withont  the  interrention  of  the  nerves, 
and  that  when  a  contjmioiu  current  acts  upon  the 
muscles  alone,  contractions  take  phic«  onlj  at  tb« 
moment  the  circuit  is  closed.  He  distiugnish(.-d  two 
aorta  of  contractions;  riz.  xdiopalhie  contractions, 
such  as  lire  produced  hy  the  direct  excitntion  of  the 
muscles  ;  aiid  tytitptitkelie  contmctions,  such  as  follow 
the  application  of  the  el«ctric  current  to  the  motor 
nerres.  But  Marianini  did  not  furnish  an;  proofs  In 
support  of  his  opinion. 

Matt4>»cci  aliio  adopted  the  view  of  an  irritahilHy 
propcr  of  the  muscles,  which  ho  thought  was  prored 
hj  his  experiments  on  the  different  condnctirity  of 
the  nerves  and  muscles.  Aa  muscles  conduct  electri- 
city better  than  nerves,  he  believed  that  no  portion 
of  the  current  could  ever  trareTse  the  nervee  which 
are  mixed  up  with  the  nniRcloit,  if  an  electric  current 
is  caused  to  act  upon  the  latt^rr.  He  incised  a  muscle 
of  the  leg  of  a  rabbit  which  had  been  dead  so  long 
that  every  trace  of  muscular  irritaUhly  had  disap- 
peared, and  introduced  Into  it  the  nerve  of  a  very 
sensitive  galvanoscopic  frog.  The  current  of  a 
powerful  pile  wiu  Uieii  sent  through  tlic  substance 
fjf  tbe  muscle,  by  applying  the  electrodes  to  different 
pointa  of  it ;  neverthel  -sa  tLe  galvanoscopic  frog  did 
not  undergo  any  contractions,  in  spite  of  its  nerve 
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being  enclosed  in  Uic  muscle,  arid  formiii;;  almost  on 
intogiiil  jNirt  of  it.  Mnttviu-ci's  re««oDin<^  \a  no  doubt 
ingenious;  but  I  cumiot  admit  its  bumg  cuncliwive, 
a8  tbu  conductivity  of  u  musclo  wblch  has  loet  every 
tnce  of  excitability  is  gi^ater  thiui  that  of  a  livhig 
muAoIe,  and  the  differeuces  between  tbe  coiiducling 
power  of  nerves  uud  utuscles  ore  not  nearly  i»o  oon- 
sidcniblc  M  Motteucci  iiuugiued. 

Thus,  after  numerous  and  careful  researches,  the 
que«tiou  still  rumuiiic-d  jn  mispenso,  iiince  the  sup- 
porters of  Hulk-riun  ii-ritabUity  bud  never  attempted 
to  prove  a  contraction  of  muscles  vrliich  had  been 
entirely  isolated  from  all  connection  with  nervous 
fibres.  Tlie  fSi-st  stop  in  this  direction  wns  taken  by 
Ur.  BowiQuii,*  who  adduced  the  cvidvucc  of  direct 
luicroacopicol  observations  made  on  living  bugments 
of  the  elementary  fibres  of  voluntary  muscle,  whicli 
be  bad  entirely  insulated  firom  every  extraneous  fiub- 
■tatioe,  \Thetber  uerva  or  vessel.  He  obaerved  tliat 
if  by  design  or  accident  a  [lorticle  of  foreign  uintter 
^was  included  in  the  field,  »o  as  to  touch  the  side  of 
Uie  fibre  at  a  single  point,  tlw  fibre  exhibited  a  con- 
traction lituite<l  to  the  puint  touohod,  and  not  iii- 
Tolviiig  the  whole  of  the  moscular  substance.  Hence 
be  ouncluded  tliat  the  luuwles  potaesaed  an  irrita- 
bility propi-T,  cnjMible  of  being  roniied  into  action  by 
a  stimulus  topically  uppliL-d.    Dr.  Wundt,)'  of  Heidel- 


*  Article  'HnM'ulaT  Motion,'  U  CjrflopoiLu  of  Anft1o«y  Akd  F^wl». 
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bcr^,  luia  likewise  made  some  microscopic  ob«er- 
Tations,  which  lure  in  favour  of  aii  irritability  proper 
of  thu  inusclue.  He  ob«cTv*x]  tJint  when  thv  cireuit 
vt  a  gTJvanic  battery  waa  cloaed  in  tJio  muncular 
tissue,  the  fibres  were  shortened,  and  that,  aftor  the 
COntniclion  produced  bv  the  cominenceuient  of  tlie 
curront  had  puAJii:^  off,  the  fibres  did  not  immediately 
reguiii  thoir  previous  appcii.rtuicc,  but  reuiuiiii><]  for 
several  minutes  somewhat  shorter  than  thuy  had 
b«!en  befort!.  If  tho  circuit  was  opened,  there  was  a 
difference,  according  to  whether  a  contraction  wm 
produced  or  not.  If  there  was  no  contraction  at  the 
cessation  of  the  current,  the  ninscular  fibres  suddenly 
regained  their  previouit  leu^'tJi,  and  if  them  was  a 
contraction,  the  fibre  appeared  to  be  even  longer  than 
l<efore,  after  the  contraction  had  pae»ed  off.  Xone 
of  those  phenomena,  however,  were  obttorred,  if 
instead  of  the  muscular  fibres  the  nerves  were  es- 
closed  in  the  circuit. 

Anottier  way  by  which  it  is  possiblo  to  arrive  at 
ft  Batiafactory  eonclnaion,  was  fir«t  pointed  out  by 
Barlcss.*  He  supposed  sulphuric  ether  to  be  u  sub- 
stance which  would  paralyse  the  nerves  by  dissolving 
the  &t  contained  in  them,  but  would  not  interfere 
witli  tJie  Diuaeidar  tissue.  For  proving  this  he  made 
tlie  following  experiments : — He  produced  ajiwittliesia 
in  mbbits ;  laid  burc  Uie  brain  and  the  spiuiJ  cord, 
and  applied  to  them  the  electrodes  of  an  induction 
apparatus.     The  muscles  remained  tranquil,  under 

•  UaUoc*!  AidiiT,,  ISIT,  p.  SSB. 
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these  circnniiiiaRceti,  but  contmcted  powcrAillj-  u 
soon  tiH  tlie  electric  curirnt  vnui  npplk-d  dircctlj*  to 
tlioir  Bubslunco.  Similur  ^xperimentA,  howerer,  which 
irere  nudertaken  by  Statinius,*  did  not  yield  the 
•ame  r««tilt(i,  nnd  it  reioaiiicd  doubtlUI  if  the  tomiiniil 
bnncLos  of  tlie  nerves  liiul  bt-vn  nnlly  pitrolysed  by 
the  otlier. 

Such  was  the  state  of  the  question  when  Oaade 
Bernard  first  undertook  his  experimental  researches 
on  the  phyaiologicot  action  of  the  woorara  i>oi8oii.t 
He  took  two  froga,  and  poisoned  one  of  them  by 
losorting  under  its  skin  »  smaU  piece  of  woonro. 
Wbvn,  at  tho  end  of  five  or  six  minutes,  the  frog  had 
ceased  to  nhow  signs  of  life,  the  poison  was  with- 
dmwu,  A  giilvanie  current  was  then  caused  to 
fararerse  a  portion  of  the  lumbar  nerve  of  each  of  tiie 
frogs  Buoc«««iTely.  Tlie  muscles  of  the  frog  which 
bad  not  been  poi»ono<1  wvre  immediately  »ocu  to 
tnffer  a  powerful  contraction,  but  not  tlie  slight«.-st 
twitching  oc4!urrL-d  in  the  othiT  frog  which  had  been 
poisoned.  On  the  otber  hand,  when  the  poles  of  the 
btttterj  were  directly  applied  to  the  mnsclefl,  both 
frogs  suffered  oommotioiis,  and  it  even  appeared  tliat 
tlie  poisoned  frog  ptescrrod  the  proper^  of  suffering 
contiBctiuiiB  for  a  longer  time  than  the  one  which 
had  not  been  poisoned. 

Thus  tlio  existence  of  an  irritabili^  proper  of  the 
ntuoles  appeared  to  be  proved ;  but  the  old  objcc* 
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tion  was  once  more  raisei!  hy  Eckhard,*  Ihat  paralvaiii 
of  the  iutra-nicutculnT  iierv«s  had  not  been  proved. 
Eckhnrd  onnduded  ft-oni  Ida  own  experimonts  on  the 
infltieDce  of  a  closed  virouit  upon  the  excitability  of 
the  motor  nen-es,  tliat  the  muscles  are  devoid  of  an 
irritAhility  proper;  and  iniuntaincd  tliat>,  if  there  waij 
such  irritability  a  coutinnoua  current  which  inhibit 
Uie  action  of  a  motor  nerre,  would  not  be  able  to 
prevent  the  oontraction  of  a  muscle  animated  by  tliia 
nerve,  if  a  stimulus  were  applied  to  the  muscular 
Bubstauce.  But  when  he  applied  a  stimulus  to  a 
muscle,  the  nerve  of  which  waa  under  the  inhibitory 
influcnoe  of  the  continuous  current,  ho  pcreeivi-d  that 
tJie  contraction  was  diminished,  or  that  there  was  nOj 
oontraction  at  all.  Hence  he  ooncloded  that 
only  excitors  of  muscular  motion  ore  the  nerroii. 

But  Et  is  obvious  that  EcUuird's  reasoning  is  not ' 
oonelusiTC.     If  an  electric  current  applied  to  a  musclaj 
produces  oontractaooH,  this  is  due  to  the  excitatioi 
of  both  the  muscles  and  the  intra-muscular  nerves  | 
and  if  by  a  continuous   current  the  action  of  tha ' 
Qcrvou«  fibres  i»  inhibited,  one  element  causing  tha  , 
contraction  will  be  lost,  and  therefore,  of  course,  tho' 
contraction  will  be  diminished.     Bcrnardt  has,  how- 
ever, recently  completely  n-futed  tht-  fimdamentaJ  ob- 
jection against  Uuilerian  irritability,  which  has  been 
raisedoverandoveragaintinoethetimeofUnzer.  He 
observed  thai  the  motor  nerves  lose  their  exuitabilitj 
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from  the  c«ntru  to  tlie  pcripLcry  (];tw  of  Yulli  niul 
Bitti^r),  only  in  COM  they  have  b^-n  pivviotuly 
6«pttnU<.-<l  from  the  nciTOUS  centres.  TIius,  wlicn  the 
sciatic  nerve  liae  been  cat  off  from  it«  connection 
with  the  spinal  cord,  galvanisation  of  the  trunk  of 
the  nerve  will,  after  a  certain  time,  uo  longer  cause 
contractions  of  the  muscles ;  but  if  the  branches  of 
tha  norre  ure  galTani«i-d  nearer  to  the  peripberj, 
contmetions  will  still  appear.  If^  howercr,  tbe  nerve 
be  kept  in  its  normal  pbyBiolot^col  connection  with 
the  cord,  it  loses  its  properties  in  the  inverse  ratio, 
nnmelv,  from  the  jieriphery  to  tbe  centre.  Thus,  if 
the  cnirul  none  of  a  frog  be  laid  bare,  and  contrao- 
tions  are  no  longer  produced  hy  galvanisation  of  tbe 
iien-e  near  the  muscles,  such  maj  still  be  caused,  if 
tho  ncrro  be  galraaised  near  the  cord;  and  if  the 
whole  nervous  trunk  has  lost  its  excitability,  the 
muscle  may  be  mode  to  contract  hy  galranisatioa 
of  the  anterior  root  of  tho  nerve.  Tliis  is  the  waj  in 
which  tbe  nerves  lose  their  excitubilitj  if  animals  die 
from  hteoiorrbage  or  from  woonira ;  and  tbe  different 
modes  of  death  of  the  nerves  maj^  be  demouEtrated 
in  one  and  the  same  animal.  If  the  lumbar  nerves 
of  tlio  right  side  of  a  frog  arediridccl,  and  the  animal 
be  aftemards  poiMucd  bj  woonmt,  tlic  nerves  loae 
tbuir  excitability  in  tbe  direction  from  the  centre  to 
the  peripberjr  on  the  right  side,  where  tboro  is  no 
longer  anjr  connectiou  between  the  nerves  and  the 
spinal  cord;  and  tbe;  die  in  the  direction  from  tbe 
periphery  to  tJie  centra  ou  the  !i/t  side,  where  that 
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conncotioD  i«  sttll  kept  up.  Therefore,  the  tenniual 
bmiichos  nre  tlie  first,  and  not  t1i«  hisiy  which  tun 
dostrojed  by  woomra :  and  a«,  in  spit*  of  the  destruc- 
tion of  the  properties  of  these  nervous  Gl»««,  tlie 
muaclea  nevertheleea  readily  respond  to  the  galraiiio 
8titiiidtis,  the  existence  of  UaUerian  irritability  is 
clciirly  proved. 

Bemurd's   rescarcbea  ha.Te  been  confirmed   by  a 
series  of  uxpurimentfi  undertukcn  by  KoUiUcr*  witli 
woorara  and  coniine :  he  found  the  action  of  coniine 
nearly  equal  to  that  of  woorani.     I  have  myself  been 
aUe  to  cxi>criuient  with  woorara,  a  quantity  of  which 
I  obtained  from  my  friend,  Dr.  Statoni,  on  hts  retom 
from  the  Urazils,  and  I  can  therefore   fnlly  co 
borate  the  accuracy  of  Bernard 'a  and  Kolliker'a  stftte-^ 
ments.     The  following  experiment  Hhows  heat  thai 
the  motor  scrros  and  not  the  muacle»  are  ldlle<I  by 
the  poison :  tlic  crural  artery  and  veitui  arc  closely^ 
tied  up  on  one  side,  so  that  tbe  circulation  of  ths  i 
blood  in  the  limb  is  arrested ;  and  the  animal  is  then 
poisoned  by  inserting  a  small  quantity  of  woorara 
under  tho  skin.     If  tbo  motor  nerves  are  a  shor 
time  nflonrards  gulvunised,  it  appears  that  all  th«l 
nerven  have  lost  their  energy,  with  tLv  only  exception 
of  the  crural  nerve  of  that  side  where  tho  vessels  weral 
ligatured ;  this  nerve,  when  giilvanised,  produces  th« 
play  of  the  muBclee  as  usual.    Ilut  if  the  electric  stim- 
nlus  be  then  directed  to  the  muAcular  substjince  ittel^l 
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cotitrnctioiu  maj  be  obtained  in  all  tlic  ninaclos ;  and 
the  contractile  power  will  lust  eteo  luii<^r  in  those 
mtucl^s  (rom  tvhicb  the  nerrous  influeuce  has  be«ii 
removed  than  in  thoae  where  it  itaa  been  preferred 
through  tiie  stojijiage  of  the  circulation  of  the  Uood 
in  the  nervi'S. 

Von  BeiEohl*  found  in  his  experimi.>nt«  with  woomra 
that  the  coDtractions  of  the  muscles  caused  hj  direct 
excitation  of  thoir  fibres,  ufter  tlie  nerrous  iiif)Ticiic« 
hud  btfcn  rcmorcd  from  tltuiu,  commenced  us  rajtidlj 
after  the  application  of  the  stimulus^  and  showed  the 
same  progress  as  regards  time,  as  the  contractiuns 
induced  by  the  aame  excitants  in  muscles  which  liad 
not  bf«n  poisoned.  Accordinj;  to  this  observer, 
woorun  acta  on  tiu!  intia-iuuncalur  ncnres,  by  re- 
tardiof;  tho  propagation  and  transmissioa  of  the 
excitation  fri>m  tlie  nerve  to  the  muscle;  this  nt- 
tardutiou  increases  continually,  and  at  liuit  merges 
Into  complete  luiuibllution  of  the  ritiU  prujierties  of 
the  ocrve.  Tlic  »iimu  takes  place  in  the  nerrc-trunks, 
dtliou^h  then)  tbo  effect  is  not  so  rapidly  produced 
as  in  the  iDtra-museuIar  nenres,  und  larger  doses  of 
tho  poison  are  necessary  for  producing  it.  llie 
moxiinuDi  diminution  of  the  velocity  of  propagation 
in  the  trunk  of  tho  sciatic  nerreoftlte  trogvraa  from 
28  miHnM  to  &-&  metres  in  the  second. 

It  I'ji  Ihar^^rt  endrnt  that  lh«  mcUenlar  njuilihritim 
9fthv  mtueU*  wuiy  be  diretUy  ilUturbed  bg  (A«  eUetrie 
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cHi-mil^  jtut  <u  well  lu  the  tnoU^ular  eyaiUhrtim  of  th» 
wrvvr.  As  soon  aa  the  equilibrium  of  eiiiior  motor 
wma  or  muscles  u  (listurbed,  oontiuctJoos  take 
place.  The  contniction«  produced  by  applying  the 
electric  ciuTcnt  directly  to  tlte  muarular  substance, 
proaeut,  liowever,  certain  peculiarities  irhiob  oro 
wortb  uentioniug. 

If  the  current  bo  directed  to  a  motorncrve,  the 
whole  flubetaooe  of  all  the  miuclcs  animated  by  the 
nerre  enters  into  contraction ;  bnt  if  the  current 
be  directly  applied  to  a  mnsole,  only  tho)i4.>  fibres  are 
seen  to  ooutract  which  are  tniTeracd  by  the  current ; 
and  if  it  is  intontleil  to  produce  a  contraction  of  the 
whole  substance  of  a  mnscle,  one  of  the  elcctrodoft 
must  be  placed  on  its  upper,  and  the  other  one 
on  its  lower  end.  Besides,  a  current  of  greater 
intensity  ia  required  for  producing  muscular  con- 
tractionii  without  the  interrentiou  of  nervons  fila- 
ments, than  is  necessary  if  contractions  are  caused 
by  excitation  of  the  motor  nerres.  ffenct  wa  may 
CMutfidc  that  lh»  vudeeular  tquHibrium  of  the  tusnvs  is 
man  tauily  dUturbtd  &y  the  eleclnc  eurrmt  Utan  th« 
molecttlar  niHtlibrium  o/tht  miuela. 

tf  a  muscle  is  cnu«ed  to  contn«t  by  the  application 
of  an  induced  current,  the  contraction  is  composed 
of  two  elements ;  vix,  of  direct  eicitation  of  the 
muscles,  and  of  excitation  of  the  intra-mnacular 
nerres.  Muscular  contractions  will  therefore  be 
niowt  easily  produced  if  (liosc  points  ore  touched  by 
the  electrodes  where  the  motor  filaments  are  casilj: 
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ACce«nUe;  bot  if  a  siilfi<>i<>nt1y  utrong  ciiiTcnt  be 
cmpIojTP*]*  coutntctions  will  be  induced,  evon  if  ike 
<^Icctrudc8  arc  pUcvd  on  poiDte  of  tbe  surface  of 
the  muBcle  wb«r«  dissection  does  not  show  the  exist* 
ence  of  motor  fibres. 

It  was  foniierly  believed  that  if  a  contiauotu  enr- 
rcnt  vn*  direct); 'applied  to  a  muscle,  a  contruction 
wa«  onlj-  produced  on  closing  and  openiogr  tlie  circaJt ; 
bat  Wundl,  Von  Be»old,  and  Fick  have  observed  tbat 
if  a  continuous  current  traverses  a  muscle,  coiitrae- 
tiona  take  place  not  only  on  maJcing  and  breiikiiig 
tbe  circuit,  but  al«o  while  the  circuit  remains  closed, 
and  that  these  contractions  incrcaM  in  proportion 
to  tlie  inteosity  of  the  current. 

Mao;  interesting  facts  lutve  been  vlicited  by  the 
opplicntion  of  oleetiicity  to  tl>e  study  of  the  functions 
uf  the  uitiscles  of  Uie  living  body ;  and  uo  observer 
has  been  more  diligent  or  happy  in  bis  researches  on 
this  subject  than  M.  Duchenne  (de  Boalogne}.* 

It  is  true  that  the  deep  strata  of  the  mosclca, 
covered  by  the  superfiuial  ones,  will  not  clearly 
exhibit  llieir  contraction.  But  here  pathology  has 
^H  seconded  phvsiuk)gy.  In  progresKive  muscular 
^^  atrophy  tbu  superficial  wuscK-s  arc  destroyed  and 
I  the  impedimentstothepacsageof  tbeelectric  current 
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nearly  cv(>Ty  muscle  iu  tfa«  linng  body  may  In)  AM«r* 

taitied.     Many  uf  the  (iworifs  on  tUw   funcHouB  of 

the  iDUocIes  formerly  adopted  have  thereby  raUvD  to 

Uie  ground.     One  of  the  nioet  interesting  &ct6  boh 

eDtul)Ii«h<^d  is  thitt  th«  extensor  conimanis  dlgitorani 

muevlti  has  no  itiflnencc  ivbmt«ri>r  on  the  extension 

of  the  second  oud  third  phuLangeii  of  the  fin^erv,  hut 

only  on  the  first ;  that  the  interossei  und  lumbriouls 

extend  the  second  and  third  phalanges,  and  bend  the 

first;   And  that  the   flexor  siiUimiH  and   profundus 

mugck-A  bund  the  second  and  thinl  pliiilitngefl,  but 

not  tliQ  first:.    Tliis  is  proved  by  iiiiuiy  piitLologtcnl 

tucl«  which  hare  bi-L-ii  ub^errec]  in  cases  of  leud-pnlsy 

and  iniiscalar  atrophy.     In  lead-pal^  the  extensor 

digitoi'tuu  is  paralysed,  but  not  the   lumbricala  oud 

interossei.    Therefore,  in  this  affection,  the  power  of 

esteniiiun  of  the  second  and  third  phuluiges  is  not 

tnterfen-d  with,  while  the  Grsl  phnlangeM  coiuiot  be 

ertended.     On  Ihe  otlicr  hatid,   cosea  occur   where 

the  extensor  di^^tomm  Is  quite  healthy,  yet  the  hand 

hoB  UMunied  the  form  of  a   claw,  the  interveseoiui 

spaces  are  deeply  hollowed,  the  parts  are  rery  thin, 

the  first  phalanges  are  extended,  but  tlic  second  and 

tLtrd  ore  bent,    l^iis  condition  of  tbu  hand  is  due  to 

paniJysts  and  atrophy  of  the  lumbricala  iLod  intt-r- 

OMei,  and    may   geneniUy   be    ciu-ed   by   the   local 

Application  of  the  electric  current  to  the  sulferiug 

mascles. 

M.  Ducbenne  has  given  special  stuily  (o  the  func- 
tion of  the  mu»ck-3  of  the  fiice,  in  order  to  arrive  at 
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a  Iciiowledgc  of  the  meclumiara  of  physiognoituciil 
oxpros^ians ;  for  it:  U  oalj  the  tnuscles  which  are  pat 
ill  uvtiun  \}j  thought!),  panions,  mad  chitraoter ;  th^y 
jiwflenre  daring  rest  the  predomiimnoe  of  tonio  fore*, 
iiiid  Btoiiip  on  crer;  ph^iognomy  its  poculiitr  iti]pn>s- 
8iou.  If  there  were  not  in  every  faoo  tlii«  tonic 
]>roi]ominiuioo  of  oortain  muscles,  nil  physiof^omii-a 
troiiltl  bo  avarij  alike,  a»  the  mitsclco  hitve  the  same 
dir»ction,  insertion,  and  etrcntrth,  and  the  hones  only 
differ  in  bulk.  Although  tb«  facial  mascleH  have 
only  a  very  small  itiirfaoc,  electricity  may  be  localised 
in  each  one  singly,  so  ua  to  produce  isolated  roti- 
tractinns.  A  good  way  to  show  the  part  which  crcry 
muscle  playn  in  the  different  physiognomical  exprea- 
kIous,  is  to  electrify  the  inuseles  of  the  face  of  a  tnun 
who  has  died  a  short  time  preriously,  and  whoitu 
tatuclM  still  retain  their  t>scitnbility ;  for  the  liring 
nan,  whi'R  olcetriGed.  always  mixes  involnntary 
moTeraenta  witJi  the  contraction  of  the  «timaluted 
muscle ;  whicli  oons(ititt^>s,  of  eounw,  an  impediment 
tn  the  observation  of  Uic  indiriduiil  action  of  the 
mnsoles.  The  action  of  the  facial  muscles  is  how- 
■rrer  shown  with  tlie  greatest  dtxtinctnoss  in  patients 
anlTering  from  aiuesthesia  of  the  fifth  norve,  where 
the  iniiflcleB  may  be  faradised  without  inflicting  the 
least  sensation  of  pain,  and  therefore  without  the 
traduction  of  reflex  movements.  Cases  of  this  kind 
ore,  however,  anfortanately  for  clinical  demonstra- 
tion, very  rare. 

The  following  account  is  given  by  U.  Duehenne  of 
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tito  action  of  the  mnsclea  of  the  face,  ta  sliown  bjr 
the  Iiioal  application  of  the  induced  current: — 

Tbp  fruuttil  uiii«cle,  wlteii  sliyhtly  contracted,  cheer* 
Up  the  faoo;  when  more  contimctcd,  it  expresses 
doubt  or  surprise ;  and  when  in  the  highest  degree  of 
iCOOtraotioa  and  united  with  other  msacles,  it  ^ves 
ills  ezpreasion  of  on  agreeable  surprise  or  of  terror. 
It  also  produces  horizont4il  wrinkles  in  the  forehead, 
I  ftnd  vrhtm  it  is  purulysed,  the  wrinUcs  disappear. 
Tlif-'  pvi-ainidales  nasi,  which  are  in  intiuiatc  con- 
licxion  with  the  frontaJ  muscle,  and  are  therefore 
considered  by  man;  ana(omiat«  as  identical  with 
it,  ftre  ncTcrthoIcss  antagonists  of  the  same ;  they 
give  a  sad  expresaion,  and,  when  more  contracted,  a 
threatening  one.  It  farms  a  striking  contrast  to  see 
these  two  opposite  morements  produced  in  so  small 
a  space  ns  the  Icrel  of  the  eyebrows. 

Isolated  contructton  of  the  orbiouluris  palpebrarum 
e^nesen  Mutempt ;  thut  of  the  corrugator  enpercilii 
reflection,  and  when  united  to  the  pj-ramidaiis,  ina- 
liw.  The  platyiiiiia  niyoides  giTea  an  expmssioit  of 
l«iin;  united  with  the  A<()iit»l  muscle,  it  expresses 
terror;  and,  with  the  pyrauiidulis,  ruge.  Cuntructioii 
of  the  triangularis  nasi  giros  the  expression  of  lust. 
The  zygomaticus  major  always  exproeaes  mirth,  from 
simple  smiling  to  the  most  boisterous  hilarity;  united 
with  the  frontalis,  it  gives  the  expression  of  an 
agreoftblu  surprise ;  with  the  plutysma  myoides,  the 
Bonlouic  laugh  :  while  the  zygomaticus  minor,  on  the 
coatrery,  gives  a  melancholy  air.    The  levator  als 
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naiii,  and  labii  snperioris,  is  the  crying  ranscle  of 
cluUlrci],  and  produces  uii  ngly  grimace.  By  t\\e 
contraction  of  the  external  fibres  of  the  orbiciduris 
ori»,  tltc  lips  are  protruded,  as  for  ki^ung  and 
whiittliiig:  tho  iDt^■^DIll  fibrin  prexs  ike  lipa  against 
tlie  twill,  na  is  done  bj  playerB  of  the  clarionet,  for 
pinching  the  reed  of  tbeir  inetrumeat  botween  the 
li{M.  The  levator  menti  is  the  only  muacle  in  action 
in  perKons  who  repeat  their  prayers  iiinndiblj,  as  is 
often  seen  in  Catholic  churvlies.    The  triiuigularis 

oris  oxprc8sc«  sajJnoss;  in  children  it  is  the  pn>curBor 

^Bpf  t«an;  in  the  muximuin   of  ita  contmction  it 

^Ktinesses  dUgust. 

^K  The  deltoid  muacle,  when  galvanised,  abdacts  the 
bumcnis,  but  docs  not  raise  it  nbovo  the  horizontal 
line.  If  the  unturior  fiUrua  only  are  guivaniswl,  the 
arm  ia  at  one*.'  niiscd,  and  mured  fortrards  and 
inwards;  if  the  middle  fibres  are  galv^anised,  the  arm 
is  directed  outwards ;  while,  by  galroniaation  of  itt 
l>o»U>rior  fibres,  Uie  onji  is  cazried  backHrnrds,  and 
Kthc  blind  raisod  b>ebind  tho  baolc.     Tht^-  dt-Ituid  mtuole 

HEs  very  frequently  attuokod  by  wasting  palsy. 

If  the  iuferior  portion  of  the  trapezius  be  tfalToniwd, 
the  base  of  the  scapula  is  approached  to  the  spinous 
prooestH«,  and  it«  inferior  angle  drawn  downwards; 
this  [M^rtion  of  the  muscle  tends  by  its  tonic  con- 
tractility to  keep  the  base  of  the  shouIdcr-Uode  at  a 
Jistance  of  about  two  and  a  half  inches  from  tlie 
median  line.  If  the  middle  portion  of  the  trapoxiiis 
<e  Btunuhitod,  the  KspuJa  is  raised,  and  its  iuferior 
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aagle  removetl  from  tite  median  line.  FiuaDy,  if  tlie 
current  be  applied  to  tli'^  dariciitftr  poKion  of  t<li» 
tn[>esius,  Uie  licud  i»  dniwn  towanls  ltt«  side  Bctod 
npOD,  und  a  HUIo  buclcwaixlK.  ho  that  tho  chin  is 
turned  towards  the  opposite  side ;  at  the  siune  time 
the  clavicle  is  raised.  If  the  claricidar  portions  of 
both  trspezii  receive  the  electric  stituiilus,  tlie  head 
i.1  drawn  backwards.  The  clavicular  portioD  of  the 
trap«niu8  i»  Tory  cxcitublc,  ui  it  rcceivt-a  nerrous 
influence  iVoin  two  sources,  viz.  from  the  apiDal 
acoeanorj  nerre,  luid  frum  the  corrical  plexus. 

The  lutissimoa  dorst,  when  ^Ivanisod,  draws  the 
arm  downwards  and  backwards;  the  scapula  is  at  the 
same  tin>e  approAclked  to  the  ucdtuu  line,  but  it  ia 
not  raised. 

The  rhomboid  muscle  is  only  accessible  to  the 
electric  current  if  the  trapexios  is  destroyed.  If  it 
then  be  galranised,  tlie  scapula  is  raised ;  at  the 
same  time  it  is  so  turned  that  its  inferior  angle  is 
placed  nearly  in  the  same  line  with  its  external  angle. 
Tlie  rhomboid,  by  its  tonic  coutnu;tility,  fixvs  thv  base 
of  the  shoulder-blade  a^nst  the  thorax.  If  it  be 
destroyed,  the  base  of  the  scapula  Ls  removed  fVom 
tho  thorax,  and  becomes  prominent  under  ttic  slun, 
80  that  u  cavity  is  formed  butwoon  the  base  of  the 
shoulder-blade  and  the  spine. 

The  senatua  magnus  is  chieHy  inspiratory  muscle ; 
it  raises  the  ribs  from  which  it  arises;  and  con- 
tributes to  lift  tlie  hnmems.  The  arm  is  lifted  above 
the  horiioiitol  line  by  tho  joint  action  of  the  deltoid, 
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the  aerratos  magnus,  and  tlie  midflle  fibri>8  of  the 
trapexiua.  Th«^  Nfniiltts  mogaus  abto  coiitri1)iit««  to 
the  fiEtvrniil  upgle  of  the  scapahi  buiii;;  kept  in  ita 
noruio]  position;  for  the  weight  of  the  upper  extwmity 
t«iKl8  continoalljr  to  depress  the  external  atiglc  of  the 
shoulder-blade.  Both  tUetn^zius  aud  the  iwrnitus 
are  opposed  to  this  depreaaioo  being  eOect^-d.  If  tlio 
trapezius  be  atrophied,  the  externul  angle  of  tlie 
Bt.'apula  i»  depressed,  while  at  tlM>  same  time  its 
inferior  BDj^lt!  is  ruiM-d  and  approached  to  the  spinous 
processes;  if  the  serratua  be  also  attacked  by  wunting 
palsy,  the  external  angle  is  still  more  depressed ;  the 
inferior  angle  is  nifted  to  the  level  of  Ih)  fxlernal 
nni;le.  and  it  is  placed  at  a  ouDsidenblo  distance 
Ireu  the  tliurax. 

Generally  tlie  most  striking  residt  of  clcctro-nitis- 
eular  contractions  is  an  tiicmiw  o/  henl  and  tmlk  la 
the  ports  acted  upon. 

It  hud  aln>iidy  been  noticed  by  Bccqnerel  and 
Brescbet'  that  an  iocrease  of  temiwrature  took  place 
io  muscles  vrliich  bad  been  matle  to  work  for  some 
time  oonsecutivuly.  They  found  that  the  beat  in  the 
biceps  of  a  miin  who  hud  been  sawing  wood  fur  Gro 
minates  at  a  time,  was  1°  C.  abore  the  heat  noticed 
previons  to  it.  UelmholtK,f  who  experimented  on 
frogs,  found  that  the  circulation  and  the  he«t  of  the 
blood  bud  nothing  to  do  with  tliis  increase  of  heat, 

■  A»iHlMilMSri*ocMiMlan4l<«.    7ao\niA*.   f  *Mr.vA.iii.f.tJi. 
t  MiiUcr'a  Aniiir.  far  Anstutnia  tU^  ISiS,  p.  14*. 
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Imt  tliat  it  mw  owtag  Bolvlj  to  tlio  niuiioalar  contrac- 
tion. Dr.  Ziomsscn,*  of  Greifiiwuld,  lioweror,  wns 
the  6ret  to  makt'  syetematic  researchea  on  tJiis  point, 
on  healthy-  as  well  as  on  paralysed  muscles,  in  the 
Iminan  subject.  He  used  li  thermometer  on  which 
the  twentieth  part  of  1°  C.  could  be  easily  read  off. 
Tho  bulb  of  thui  thermometer  was  placed  into  tho 
.  BnlcnB  between  the  extensor  digitorom  oonimuniB 
and  the  extensor  carpi  ndjalis  breris  muscles,  and 
remained  in  this  position  twenty  minute*  befoi 
duriii};  tbu  passage  of  the  current,  and  ftomo  tiniii' 
after  the  current  had  ceased  to  act.  In  soino  of 
these  cxporiroentB  the  skin  was  left  bare,  while  in 
others  tlie  Hkiti  and  tho  bulb  were  covered  with  three 
Iityers  of  thick  llaunol.  It  is  obvious  that  certain 
Koureen  of  error  arc  unavoidiiblo  in  both  modes  of 
experimentation ;  since  in  the  former  the  hiilb  will 
cool  more  rapidly  by  being  in  contact  with  tht»  otmo* 
sphere,  while  in  the  latter  the  normal  loss  of  heat 
from  the  skin  is  to  some  degree  prevented ;  nerer- 
theless  the  results  of  the  two  series  of  observations 
agree  on  tlie  whole  so  well,  that  the  results  which 
Dr.  Ziemssen  hius  obtained  may  bo  accepted  withont 
reserve.  He  cautod  the  extensor  muscles  of  the 
fore-arm  to  contract  by  applying  the  positive  electrode 
of  an  induotion  machine  to  the  radial  nerve,  between 
the  external  condyle  of  the  humerus  and  the  insertion 
of  the  deltoirl  muscle;  the  negative  electrode  being 
fixed  on  the  sternum.    By  acting  in  this  way>  the 

*  D.a  Etaklricitot  la  Jor  U«ilicin.  p.  W. 
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f<a«-ann,  and  more  especially  tlie  surfiice  of  stun  orer 
the  eJttenBore,  was  not  touched  hy  the  electrodes,  so 
that  tbcre  was  no  dinx-t  ttctioii  of  tht-  ourri-nt  on  tLe 
blood-rcsKtfls  of  tlie  coriuni.  It  then  tkpptMUVd  that 
muscaUir  contractioiis  caused  hy  tho  application  of 
the  induced  current  to  the  motor  nervea  angineDt 
the  temperature  in  the  muscles  acted  upon,  and 
indirecilj  in  tJie  skin  covering  tJie  same,  Tritlmut 
altering  the  colour  of  the  Intt^r  or  the  lunieii  of  it« 
blood- tcsmIs.  The  incrciiso  of  heat  is  proportional 
in  its  cztvnt  io  the  tavrgy  and  duration  of  the  con- 
tractions. The  penoQ  vsperimeuted  upon  percotres, 
during  and  after  the  experiment,  a  sensation  of 
inteniM)  heat  in  the  electriGed  miuclcs.  The  bulk  of 
the  latter  is  couitidenibl}'  iucrcasnl,  so  that  the  fore- 
arm goius  one-fourth  to  ooo-half  inch,  and  the  thigh 
one-biilf  and  even  a  whole  inch  in  cii-camference. 
As  regards  the  increase  of  heat,  it  appeared  that 
dnring  tlic  first  minute  of  the  contraction  the  mer- 
cury fell  by  O*-!  to  0'-5  C,  but  ro«e  in  the  third 
uiinnU)  luid  continued  to  rise  aftvnvnrds.  In  one 
experiment  the  iaerease  of  heat  amuuntud  to  4*'4  C. 
(7**9  F.].  If  the  oonttuctioDB  are  nut  continaed  rery 
long,  tho  mercury  rises  roost  rapidly  in  the  first 
minute  alV-r  Uiey  have  ceasiy),  and  readies  its  acme 
between  tile  fourth  and  the  sixtli  miutitc :  if  the  con> 
tractions  ore  then  conttoood,  and  the  temperature  is 
already  high,  it  does  not  rise  further  after  the  &nt 
minute.  If  the  skill  and  tbe  mercary  be  corered 
witli  ft  bad  conductor  of  heal,  the  heat  rises  more 
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quickly  nnd  to  a  higher  degree  libnn  when  the  Bkin 
is  bare.  In  both  casea,  however,  the  ht.-at  produced 
ia  the  eaoie,  and  tlie  apparent  difference  in  tlte  latter 
instance  is  merely  due  to  the  exoliision  of  Mir  IVoni 
the  galvanised  part,  whereby  the  hcftt  generated  is 
longer  preserved. 

After  the  cessation  of  the  excessive  development 
of  beat  in  the  moscles,  there  is  a  tendency  towards^ 
e<]tia1i!tation  of  temperature  vrithin  the  body,  so  thiifc'; 
the  beat  of  the  rectum  and  of  the  other  colder  oi^ns 
riSM  at  the  expense  of  the  heat  of  the  muscles. 

The  detn'cuxe  of  tempcniture,  aA«r  the  cloetric 
excitation  ha*  censed,  ia  slow  and  re^lar;  but  it  is 
more  rapid  when  the  skin  is  ex[)osed  to  the  atmo* 
sphere  than  when  it  is  covered. 

In  18<&8,  I  made  a  number  of  experiments  on 
the  heat  developed  by  electro-muscular  eontrairtions, 
especially  on  ponilytic  patients,  which  have  led  to  the 
following  oonclusioQB : — 

1.  The  heat  observed  after  the  application  of  in- 
duction currents  to  the  muscles  ia  in  no  way  due  to. 
the  action  of  tlie  current  upon  tlie  skin.    Tliis  wd  - 
might  theoretically  infer  Irom  the  fact  that,  altbongh 
the  electrodes  ore  in  direct  contact  with  the  skin,  the 
induced  current,  if  applied  by  well-moisteneil  eleo-J 
trodes.  does  not  act  on  the  skin,  but  tmvenes  it,  and ' 
penetrates  to  the  muscles ;  but  the  proposition  is  also 
aflirmed  by  patltolopcal  experience.     Some  time  ago 
a  patient  soffering  from  lead^palay  was  under  my 
core.    In  that  case  the  contractility  of  the  extensor 
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muscles  of  Uie  right  fore-arm  ivas  qnit«  gone,  wbilu 
a  certain  amount  of  contractUe  power  still  i-emaiited 
iu  tlie  extenaor  muKles  of  the  left  fore-arm.  On 
applying  induction  currents  for  fivif  minutes  to  thi< 
exti^iisors  of  the  left  furD-urm,  ilio  teniporoturo  wa« 
iucrviuivd  from  8D*  F.  to  or-5  F.,  while  the  samu 
operatiun  madv  on  the  vxtensora  of  tlie  right  fore- 
urm  did  not  produue  any  inci-eaae  of  beat ;  but,  on 
the  contrary,  the  beat,  whicli  hnxl  btten  S"'-.)  in  the 
right  fore-iinii  bffore  the  appIicMtioii  of  eloctricltj, 
Wits  onljr  86*  F.  nlU-rwurds  ;  wliich  vras  no  doubt  due 
to  tiio  contact  uf  the  Hkin  of  the  fore-arm  with  the 
at  inospbere, 

2.  The  increase  of  lii-at  observed  after  the  Bpplica- 
Uou  of  induction  currents  to  the  muscles  is  not  duo 
to  a  greater  afflux  of  blood  to  the  arteries  and  veins, 
for  th«so  ore  nut  expanded,  but  couatricted  \>j  direct 
fiu^isation,  and  con9e(|uenlty  contain  less  blood 
after  having  been  acted  upon  by  induction  cnnvnts, 
than  tliey  do  l»  their  normal  physiological  condition. 

3.  But  the  increuM  of  bittt  obsened  after  the  ap- 
plication of  inductiou  eunvuU  to  the  mUDchts,  ta  due 
Ut  an  augmentation  of  those  chemical  changes  which 
are  continually  going  on  in  the  tissue  of  a  mnscle, 
and  which  constitute  its  nutrition.  The  solid  struc- 
tnre  of  a  muscle  is  imbibed  by  a  fluid,  the  composi- 
tion of  which  ix  vamhle.  Muscular  fluid  taken  from 
a  mnselv  which  baa  been  at  rest  is  neutral  or  feebly 
alkaline ;  but  when  induction  cnnynts  have  Ix-^'u 
api>licd  to  a  muscle,  the  fluid  becomes  acid,  in  uomiu- 
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qnonce  of  an  aa^entcd  abeorplion  of  oxygvn  un<] 
the  foriuntiou  of  Wtic  acid.  It  is  probable  that  tbia 
acid  is  aflcnraixls  npiilmli-st-d  in  the  s^-stem  hj  tliQ 
alk&Hne  earbonBt«s  contuincd  in  the  blood ;  lactate 
of  soda  l>eiiig  formed,  and  carbonic  ut^'id  bcin^;  M-t  fWc. 

Od  examining  the  quantity  of  oxjrgea  absorbed, 
and  carbonic  acid  exhaled,  bj  the  nmscularsabiitance 
of  fix^'  tbighs  wbicli  have  been  skinned  and  8iu- 
pended  in  rvsttt-Is  filled  with  air  or  oxjgeii,  it  i«  found 
that  if  some  of  the  muscles  are  galvanised,  and  the 
others  not,  tlie  quantity  of  the  gases  abeorbed  and 
exhaled  bj  the  galvanisod  muscles  is  more  than 
double  tliat  absorbed  and  exlialed  dnring  the  same 
time  h;  tiie  quiescent  musclos.  The  same  differ- 
ences occur  in  the  living  nmscles  of  man ;  since  by 
tbe  augmentation  of  the  chemical  changes,  the  heat 
ia  increased,  and  more  blood  ia  attracted  to  tlie  ca- 
pillary vessels  of  the  musonlar  substance,  wliereby 
the  bulk  of  the  muscles  is  oonsidvrablj  augmented. 

4.  With  regard  to  t]ic  influence  of  the  direction  of 
the  current  upon  the  increase  of  heat,  I  have  gene- 
rally remarked  a  slight  diflerence  in  favour  of  the 
tUreei  current — moving  from  the  centre  to  tie  peri- 
phory — in  healthy  mnscles ;  and  a»  equally  alight 
difference  in  favour  of  the  inverse  current — moving 
from  the  periphery  to  the  centre — in  paralysed  mus- 
cles. In  such  comparative  experiments  the  current 
used  was  alv&ys  of  the  same  intensity,  equally 
rapidly  intcrrupied,  and  directed  to  the  same  mas* 
cits  for  the  same  length  of  time. 
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B«specting  the  more  or  I«S8  cotisidenkble  rapi- 
dity of  the  shocks  used,  I  observed  that  the  licut  was 
incrcasod  more  quickly  and  tu  a  higlicr  degree,  if  a 
rapidlj-interrupted  current  was  VDipluycd,  tLan  if  th« 
intt-rinitlences  were  slow. 

The  relatione  between  heat  and  tnuacular  work 
have  been  further  iuTestigated  by  B^clard,*  SoIger,t 
MeyersU'iu  and  Tbiry4  Heidenham,^  aiid  others ; 
but  space  preveuU  nie  fVoin  giving  a  complete  ac- 
count of  their  reHearcliee.  I  will  therefore  only  men- 
tion the  results  arrived  at  by  Huidenbain,  as  bein^ 
the  most  important  amongst  tbcm.  He  found  that 
a  single  contraction  of  a  muscle  of  a  iVog,  even  after 
being  sepoTutcd  from  the  body  of  tho  animal,  gives 
rise  to  a  slight  inercoso  of  heat,  and  that,  as  the 
moBcIo  becomes  gradually  ezbansled,  the  develo^^ 
metit  of  heat  is  diminished.  At  a  certain  period,  the 
muscle  may  still  be  able  to  contract,  but  is  onable  to 
canac  an  increase  of  temperature.  If  the  muRcle  is  sti- 
mulated, but  prerentod  fVom  contracting,  more  hi-at 
is  developed  Ibau  if  a  muscle  is  similarly  stimulated 
but  allowed  to  contract ;  from  which  it  uppcant  that 
the  heat  dcrotoped  ie  not  due  to  &iction  ;  for  if  it 
were  owing  to  that,  the  heat  would  be  greater  in  the 
second  caae,  while  it  is  actually  tees.  At  fin.t  the 
temperature  riiiea  rapidly,  then  the  rise  becomes 
more  gradual  nntil  a  maximum  is  reached,  oAer 

*  ArdiiT**  gtoinit^,  tU.,  IHI,  toI.  xiil.  f.  21. 
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which  a  gmiltuJ  docrciuc  of  tempenUtire  ta.'ke»  ])liu!o. 
If  the  inU-usity  of  Btimulntion  is  nngmuiitcd  be/ond 
thatdegi'«e  which  Causes  the  nuLXimum  of  contruc- 
UoD,  the  beat  developed  iB  not  greater  than  before. 

Leyden  *  found  that,  on  applying  induction  cur- 
rents to  the  cord  of  dogs,  tetanic  contractions  of  tlie 
uiusck's  tvok  ]>1rcr,  by  which  tlie  hent  of  the  blood 
wus  incroiuwd  hj  5'2°  C,  as  shown  hj  the  thenco- 
meter  in  the  rvctnm,  Billroth  and  Fick  t  have 
shown  that>,  when  the  cord  is  thas  faradised,  the 
temperature  of  the  tctanised  muscles  riftes  mora 
nipidlj-  than  the  temperature  of  the  rectuni,  which 
tinder  ordinnry  condition!)  iti  higher  than  that  of  tho  < 
luusclvs ;  mid  Uiut  the  iuuhcIcs  then  uctuuUj  become 
hotter  than  the  rectum  and  all  the  other  orguns  of 
the  body. 


v.— ACTION  OF  TirE  EtECTRIC  CURREXT  UTOX  TIIE 
8ENTIKNT  NERVES. 

^orks  talcon  &om  the  common  electrical  machine 
while  in  action,  produce  a  sharp  pungent  sensation 
in  the  sldu.  The  discharge  of  a  Leyden  jar  through 
the  body  causes  a  peculiar  stunning  sensation, ' 
known  aa  the  electric  Hhock.  If  such  a,  shock  is  very 
powcrHtl,  it  may  destroy  sensatioQ  and  conscious- 
ncBS  ultogi>tLi>r,  especially  if  dinectt^d  to  the  head  or 
Ul'cIc  ;  but,  uulesB  the  electricity  is  of  very  high  ten- 

•  rirrbov"!  ArehlT.  ISOS,  rol  nri.  p.  S38. 
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eioa,  it  does  not  canse  a  diniiiiution  of  scDsibility. 
Dr.  IticlionUoD  *  luu  sliowii  tlint  if  ultocks  uf  slijjht 
or  mt-dium  power  fruui  tlic  jur  ar«  sent  in  rapid 
snccession  tbrongli  thv  fiugera,  Uw  la^t  is  fell  u 
severely'  aa  the  first,  and  ihe  fingers  are  lUlerwanU 
aa  sensitive  to  thv  prick  from  tlio  point  of  a  lantiet 
as  they  luul  been  before. 

The  continuous  galTanic  current,  when  applied  to 
a  sentient  uerre,  causes  a  aensation  of  pricking;  tmd 
heat,  not  only  ikt  it«  comnieuceuient  and  cc«sation, 
but  the  whole  time  that  tke  circuit  rviuains  closed. 
If  the  power  of  the  current  i»  not  Tory  great,  the 
sensation  produced  is  shglit  and  not  onplessaut,  tike 
B  mustoi^  poulUce  in  the  oouunencement  of  it«  ac- 
tion ;  while  with  a  pile  of  high  tension  soTont  pain 
maj  bo  eaosed.  The  sensations  produced  dtfTt-r  Uke- 
wiiM*,  according  to  the  iwudiUon  of  the  electrodes 
used  ;  if  these  be  dry,  the  feeling  of  heat  predomi- 
nates over  that  of  pricking,  eud  i^  extremely  dis- 
agreeaUe  when  the  current  is  strong,  resembling,  as  it 
does,  llie  fiPUflatioH  produced  by  the  application  of  a 
hot  iron  to  the  sk'ia.  If,  however,  moiittened  con- 
ductor* are  employed,  the  cfieet  is  much  less  uuplca^ 
tant ;  and  wherever  there  is  a  morbid  increua)  of 
ozcitabilitj  in  a  nerre,  the  galvanic  sensation  is 
actually  relished  by  the  patient.  A^  a  role,  the 
effijct  on  the  sentient  nerrcs  increases  proportion- 
atcly  to  the  length  of  time  during  which  the  current 
is  mode  to  act,  owing  to  its  iuiprovltig  the  couduc- 

•  UtdMl  Tiaw*  uoi  GtaUi.  SepUuUt  II,  15W. 
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tiritj  or  the  bHq  and  rabjacent  tiaBiiM  (p.  108) ;  Imi 
if  the  corraot  is  applied  for  a  conndenfale  length  of 
time,  riz.  from  twectj  to  thirty  minatca,  the  sou 
taoQs  of  pricking  and  heat  gradoullj  g:ire  iraj  to  a 
feeling  of  aambncss. 

Xiuianini*  wa«  the  first  to  inrutigate  the  inBaenc« 
which  the  directiou  of  the  cnrrent,  when  applied  to 
sentient  nerres,  has  in  the  production  of  the  physio- 
logical effects ;  and  he  arrived  at  the  coDclnsioo  that 
tbe  Bvnsatioo  caused  hj  the  application  of  the  c(»iti> 
naona  cntrent  was  strongest  on  making  the  inverse 
and  on  lH<eahing  the  diroct  corivnt;  that  is  juat  tiw 
nrerse  of  what  takes  place  when  tha  motor  nerves 
tn  acted  upon,  a^  muftcolar  contractions  atv  more 
•aailj  produced  on  making  the  direct  awl  on  hrvaking 
the  inverse  current.  Therefore,  if  mixed  nenrea  are 
excited,  the  phenomena  woald  be  as  follows : 


DlnctOaaat 

lwio»Oit                    1 

Uakilv 

BrmkioK 

H^ing 

Broking 

OminMiaa 

Staatiioa 

SfSMban 

CDDtrutMe 

*  The  sensations  produced  bjr  the  application  of 
the  induced  current  to  the  sentient  nerves  rarj  ac- 
conliiif;  to  the  tension  of  the  electricity  nsed,  tlio 
rapidity  with  which  the  shockR  succeed  each  other, 
and  the  condition  of  tlte  conductors  which  are  used 
for  the  transmission  of  the  electric  current,    A  cor- 

*  lUmoir*  iw  U  tatarne  qu'fprournit  lu  ■nimBu;  et&,  ia  AiimI«« 
d«  Cliiiiuo  N  do  PlijMqua.    fwu,  ISM,  toL  sL  p.  23f. 
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rent  of  low  tension  caoses  slight  feelings  of  pricking 
anil  heat;  while  one  of  high  tension  causea  intolc- 
ruble  puiu.  A  nitiidly-iuk'rruptvd  e1c<:tn>-ma<;nctic 
current  hiu  more  effect  on  the  sentient  ntirree  than  a 
slovrly  int4]rrupt«d  canent;  because  sentient  nerves 
have  the  property  of  perceiving  the  efl'eeta  of  im- 
pressions some  time  after  they  have  been  aeted  upon. 
ThaB,  if  a  sentient  nerve  in  it«  norma)  condition  is 
rabjected  to  tlie  action  of  a  single  induced  current  of 
low  tension,  the  sensation  caused  by  it  is  trifling ; 
but  if  a  second  shock  rapidly  succeeds  the  firsts  the 
SODiiation  ti  more  marked ;  heeuu»e  the  nerve  is  no 
kmger  in  ita  normal  phyaiologiciU  condition  when  it 
receives  tJie  second  shock  from  an  iiidnctioii  appara- 
tos,  but  in  nil  excited  state ;  a  third  sliock  luis  more 
effect  than  the  second,  and  so  od.  K  the  velocity  of 
the  iutermitteiiooM  is  very  great,  and  the  current  sent 
for  a  certain  length  of  time  through  the  trunk  of  a 
nerve,  a  maximnm  of  excitation  ia  reached ;  after 
which  the  sensibility  of  the  nerve  is  diminished,  and 
ereo  falls  below  its  normal  standard. 

Ettetrieal  aturMfna, — The  question  whether  sur- 
Jeat  anicsthesia  might  bo  canscd  by  electricity  has, 

;  various  times,  occupied  the  professional  mind.  It 
been  often  alleged  that  teeth  might  be  extracted 
without  pain  by  the  aid  of  gnlvanifiui,  and  that,  ut 
severe  surgical  operations,  electricity  might  be  sub- 

tuted  for  chloroform.     Exporiouca,  however,  has 
bown  that  no  form  of  electricity  can  bo  used  as  a 
ect  anieettietic ;    and  tliat  if  surgical  operations 
a> 
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■re  performed  vrith  the  aid  of  electricity,  the  patieak 
focU  not  oulr  the  pain  of  the  operation,  bot  also  in 
addition  to  it  the  electric  shock. 

Dr.  Ricliardson's  n>8eikrches  on  voltnic  narcotism 
will  be  mentioned  in  u  subsequent  chapter ;  but  I 
Taaj  a&j  at  oucv  that  electricity  has  no  shiuc  in  tba 
production  of  that  form  of  ojiatsthfltda. 

Altliongb,  therefore,  electricity  is  no  aneestbetic  io 
the  onliiiary  sense  of  the  word,  yet  a  considerable 
reduction  of  sensibility  in  a  nerve  may  bo  accom- 
plished by  it.  Tims,  if  a  ooiitinuotu,  or  a  rapidjy- 
intemiptcd  induced  cunvnt  of  medium  intensity  is 
Bent  through  the  tniiilc  of  u  nerro — flay  the  nlnar,  or 
the  sciatic,  by  placing  s  motKtened  conductor  con- 
nected with  the  positive  pole  to  a  point  of  the  skin 
vrliere  the  trunk  of  such  nerre  is  aooecsible,  and 
luiother  moistened  conductor  oonnocted  with  the 
segatiro  pole  to  the  terminal  branches  of  the  nerve, 
and  the  action  of  the  eiirrent  be  kept  ap  for  a  quarter 
of  an  hour  or  more,  the  pain  which  is  caused  by  this 
proceeding  becomes  much  tees  after  a  certain  timo^ 
than  it  was  at  the  beginning  of  the  operation,  and  a 
feeling  of  numbness  is  produced  in  the  limb.  The  ten- 
sion of  the  current  may  then  be  gmduiilly  increased 
to  an  enormous  extent,  without  cuusing  much,  if 
any,  inconvenience  to  tJic  person  subjected  to  the 
ex[ierinient ;  while  such  ulectric  power  would  have 
been  i)erfecUy  uneudurablL'  at  the  commenci.-ment  of 
the  opcmlion.  If  the  titniuon  of  the  cunvnt  is  then 
again  diminished,  the  person   experimented  upon 


to  be  quite  insensible  to  bIiocVb  wliich  liad 
losed  turn  mucb  inconvenioncc  prcriouiil}-. 
Ltd^wndtiiitJ^  of  the  tlirMtiun  of  the  cuirent,  the 
ne^tire  pole  of  a  roltaic  pile  and  of  inilaction  ina- 
chiniea  has  a  struDger  effect  on  the  sentient  nerres  of 

ijUie  sicin  than  the  positive  pole.     This  circntniitunco 

enable  ua  to  tell  the  direction  of  the  ciirreut  in 

electrical  apporataa,  provided  thai  certain  pre- 

'caationti  Iw  tiiken.  It  Lt  neceunry,  in  tht'  Brat  place, 
that  limilar  or  nearly  HiiuilarparU  of  the  skiu  ahoold 
be  acted  opoo;  sinc«  the  epidennis  is  not  of  ttie 
aoMB  tliiclaieas  in  all  purta  of  the  body,  and  electri- 
city is  leii  ctrongljr  felt  where  the  epi<k-rniia  offon 
tuQch  resistaaoe  to  the  pa«ii«f;e  of  the  current ;  more* 
orer,  the  diainbutwn  of  sentient  ncrres  is  not  equal 
is  all  parta  of  the  skin,  and  eleotrioity  U  atwayi 
felt  more  on  tho«u>  parta  wliich  arc  richlj  endoned 
vritli  rK-rrous  filaineats.  such  as  the  £ice,  than  on 
parts  which  possess  a  less  o-buiulaut  network.  It 
is  also  essential  that  the  sixe  and  condition  (moist  or 
dr)')  of  the  conductors  should  bo  equal,  sincu  a  cur- 
rent of  the  aujne  power  poas^eaes  more  densitT  if 
conveyed  by  a  small  electrode,  than  if  transmitted 
bf  a.  oouductOT  with  Inr^ge  Borfaoe ;  and  a  moist  coo- 
doctor  will  act  less  ou  U>e  skin  and  more  on  tho 
BiusclfM,  while  a  dry  conductor  will  act  more  on  the 
•kin  and  less  on  the  niuclM.  JC,  bowcrcr,  the  pre- . 
cautions  jost  described  be  taken,  it  is  ensy  to  distin^i 
gmah  the  nt^tive  pole  from  the  positive  pole,  by 
the  stronger  seosatioii  caused  by  the  former.     It  tx6- 
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queaUy  happens  that  no  sensation  wbatever  is  pro 
duced  bjr  th«  application  of  th«  positive  pole,  and  thi 
ne^tive  pole  ts  the  mdy  one  felt.  I  have  veiifivi 
tilts  fact  on  man;  pu-tJonU,  who  haro  olmotft  invari' 
ubi}-  boon  able  to  toll  tho  direction  of  the  cnrrent; 
oftttr  thej  hud  been  informed  thut  the  strongest  sen 
sation  is  excited  at  the  negatire  pole. 

The  difference  allnded  to  is  especially  rentarlcabl 
if  tlic  fi:-ct  of  the  patient  are  immersed  in  two  bosia 
filled  with  vrutcr,  and  connected  with  the  poles  0 
tho  nppanhu;  in  Hua  instance  the  curront  is  always 
felt  more  strongly  in  that  limb  in  which  it  is  upward. 
If  the  haodfl  &tv  plunged  into  the  basins  this  effect 
is  not  quite  no  CTident,  as  the  opiderniis  of  the  right 
hand  is  generally  tliicker  tliiui  that  of  the  Ittft,  in 
consequence  of  the  greater  uae  made  of  the  right 
baud.    Thus,  if  the  current  is  upward  in  tliu  left 
arm,  the  sensation  is  much  stronger  in  tlic  k'f\  th. 
in  the  right  hand ;  but  if  the  current  be  upward  i 
the  right,  th«  sensations  aro  ncariy  the  same  in  bo' 
hands,  lu  the  more  powerful  stinmlus  conveyed 
the  ri^bt  hand  in  cotnpcnnLtud  by  the  greatci'  n-aii 
ance  offered  by  the  epidermis  to  the  passage  of 
current. 

There  are  sentient  nerves,  not  only  in  the  sldn,  b 
also  in  the  moscular  tissue;  and  by  applying  tin 
continuous  or  induced  current  to  tlie  luttur,  a  i>ec 
liar  sensation  Is  produced  which  varies  in  eLn.-ngth 
according  to  the  power  of  the  current  that  is  unti' 
Duchenne  htu  colled  this  kind  of  nuuibility  '  elec. 
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losciilar  MDxibOitf .'  B«initk  ]ias  denied  that  Uiere 
I  any  such  kind  of  seDKibUitj ;  and  it  is  quitu  certain 
liAt  Duchenne  has  in  some  instances  confonnded  it 
itii  the  seoflibilit^  of  the  akin.  Yet  there  is  no 
'tlotibt  whitterer  thnt  every  electro- miiflcnlar  contrtic- 
tioa  La  imi:ompanied  by  it  special  sensation,  which 
«dst«  independently  of,  and  'la  quite  different  firom, 
dieotro-cutaacous  aeusation. 


t 


■ACnON   OF   THE    ET.ECTIIIC    CURRENT    UPON 
MIXED  NKRVliSL 


Tlie  phenomena  produced  by  applying  galranisin 
to  mixed  nerves  are  due  to  the  excitation  partly  of 
t)ie  motor  and  partly  of  the  sentient  6broH,  of  which 
the  mixed  nerves  are  composed.  It  appears  that,  bj 
the  application  of  tlie  direct  current,  powerful  mus- 
cular contractions  are  produced,  and  compiuratirely 
little  scniHition ;  while,  if  the  iiivenio  current  be  used, 
tbe  eontrary  takes  place,  rh.  the  musculnr  contrac- 
tions are  not  rery  decided  and  the  Hcaeation  is 
stronger. 

Vn.-AUT10N    OF   TIIE    EI-ECTRIC    CURRENT    UPON 
THE  SYSIPATIiirriC  NERVE 


animaU. — The  Grtit  experimental 
ftinction  of  the  sympatlietic  nerve 
were  undertaken  in  1727,  by  M.  Poorfour  du  Petit, 
who  found  that  after  the  section  of  the  cervical  sym- 
pathetic in  animals  tbe  pupil  became  constricted, 
cornea  flattened,  the  co^janctiva  hypt-t 
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,  the  secretion  of  the  palpehtal  miictis  was  increased, 

the  ejeiids  were  partially  closed,  and  the  third  eyelid 
or  nictitant  memhrane  was  laid  orei  the  eyehall.  If 
the  animals  continued  to  lire  some  time  after  the 
operation  had  been  performed,  the  eye  appeared 
smaller,  and  shrunlc,  and  was  drawn  backwards  into 
the  orbit.  The  experiments  of  M.  Pourfour  dii  Petit 
were  repeated  and  confirmed  by  Dnpuy,  Bresohet,  and 
Dr.  John  Reid,  In  1846,  M.  Biffi,  of  Milan,  observed 
that  if  the  pupil  had  become  constricted  after  the 
section  of  the  cervical  sympathetic,  it  could  again 

i  be  dilated  if  the  cephalic  end  of  the  ner^'e  was  gal- 

;  TBDised. 

In  1852,  Professor  Claude  Bernard*  published  his 
important  experimental  researches  on  the  physiology 
of  the  sympathetic,  which  have  enlarged  our  know- 
ledge of  the  function  of  this  nerve  more  than  those 
of  any  other  observer.  He  pointed  out  that  after  the 
section  of  the  nerve,  or  after  the  destruction  of  the 
superior  cervical  ganglion,  besides  the  phenomena 
noticed  by  M.  Pourfour  du  Petit,  the  following  took 
place:  a  more  or  less  marked  constriction  of  the 
nostril  and  of  the  mouth  on  the  corresponding  side 
and  an  increase  of  the  circulation  of  the  blood, 
together  with  augmentation  of  heat  and  sensibility 
in  the  head.  If  the  cephalic  end  of  the  sympathetic 
nerve  was   galvanised,  nil  the  phenomena  observed 

*  Stit-  rinfloenre  du  nrrf  ^jod  !>finpatbiqua  nnr  la  chsleur  aainuile, 
in  C'jin['Les  ivn.lu!,  cti-..  29  tnir^  IS-'iJ  ;  ■Iso  Comptes  ri'ndus  dc  la 
Sucicle  lie  Itiot'igt?.  octoVre  et  norenibrc  lSa2;  and  Ia^hs  aur  la 
Phvaicilugie,  etc.,  IHJ",  vol.  i.  p.  169, 
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aft«r  the  section  of  the  norrc  dbuippeorod,  and  were 
an   fin^f^-rati-d   iii   the   oppoflitc  diroction.     Not 
ly  did  tlie  constriction  of  thu  pupil  produced  b; 
,c   8e«tion  of  the   sympiUlietic  disnppvar   bjr   the 
ipUcatioD  of  galvBuism,  but  the  pupil  became  eveu 
itgiv  than  that  of  the  opposite  Bide  ;  the  e^-e,  which 
been   drawn  backwards,  prQtru<led  beyond  tho 
orbit;    the  temperature,   wLich   hud   been   notably 
i&creMO<I,  fell  below  \ts  aveni^  standiud,  and  Uic 
ooqjanctira,  the  nostrils,  thti  can),  which  hitd  been 
red  and  injected,  became  quit«  pole.     But  when  the 
application  of  electricity  was  discontinued,  all  the 
phenomena  pneTiously  obaerred  after  the  section  of 
tho  ntTvo.  t^nuhially  n*-iippeiir«l.     Tliey  coiiM,  how- 
uTcr,  be  nude  tu  disappear  a  second  and  even  a  third 
time  by  repeated   applications  of  galvanism  to  the 
cephulio  end  of  the  nerve.     If  a  drop  of  ammonia 
wa»  appliLtl  to  the  oot^unctira  of  a  dog,  in  whh'h  a 
Boclion  of  the  nerve  bad  been  ttuuiv,  the  pain  felt  by 
the  animal  obliged  it  to  keep  its  oyidida  firmly  closed ; 
bat  if  the  upper  end  of  the  sympathetic  was  galvan- 
ised, the  dog,  notwithstanding  tho  piun  ho  felt,  was 
no  longer  able  to  keep  them  shut,  but  opened  them 
wide,  while  at  the  same  time  the  rednesa  of  the  con- 
jnuctira,  produced  by  the  caustic,  was  diminished, 
and  Boon  entirely  disappeared. 

ExpenmeDt«  of  the  same  kind  hare  afterwardB 
been  made  by  Drs.  Augustus  Waller,  Budge,  Schiff, 

town-S^nard,  and  many  other  physiologiste,  who 
ve  added  some  new  facts  to  those  already  known 
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about  the  pbysiology  of  tlio  sympaUietic,  luid  wbkh 
may  U;  tvflumed  a»  follows : — 

Afl«r  the  section  of  the  neire,  almost  all  the 
moaolea  of  the  eje,  of  the  angle  of  the  moutb.  vai 
of  the  so«tri],  are  contracted ;  the  ear  is  kept  erect,  ^ 
vrhtch  is  purUj  owing  to  conttmction  of  it«  niu.'H-Ws ; 
the  quantity  of  blood  in  Uio  eu'uid  in  the  ivbobicor^ 
responding  aide  of  tb«  hvad  is  notably  increoaMl ;  ibe 
arteries  aru  fuller,  and  seem  to  beat  with  more  power  ;i 
the  temperature  is  augmented,  in  some  instances  tal 
11*  or   12°  F. ;  sensibili^   is  increased ;  after   thei 
death  of  the  animal  sensibility  and  reflex  fonction 
longer  than  on  the  other  aide;  perspiration,  lachryt 
tion,  and  tbe  secretion  of  cerumen  are  increased;  tha' 
colour  of  the  venouK  blood  is  changed ;  poisonous  and 
other  substances,  ivhich  are  deposited  in  equal  quaQ> 
titiea  on   both   aides,  in   the  subcutaneous  cellolari 
tianc  of  the  face  or  at  tlie  base  of  the  ear,  are  moraj 
rapidly  absorbed  on  that  side  where  the  section  bf 
been   made;   chloroform   destroys    sensibility    later 
there  than  on  the  opposite  side ;  rigor  mortis  appears 
liUer  and  lasts  longer ;  putrefaction  commences  later, 
nod  the  current  proper  of  the  muscles  is  strong,  whea4 
compared  to  the  eurreiit  prox)er  of  the  muscles  on  thi 
other  side. 

By  applying  ibe  induced  current  to  Uio  cerfical^ 
sympathetic  nenre  tbe  following  phenomena  ore  pro- 
duced :  the  pupil  is  dilated ;  the  eyelids  open ;  the 
eyeball   protrudes;  the   blood-vessels   contract;  tlie, 
quantity  of  blood  is  diminished ;  temperature 
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BCiisibilitj  sink  Ix'low  the  uwnigc  ;  the  conjimctiviL 
and  conieiL  iircdry ;  thticiurc'Dt  proper  of  the  muscJes 
is  TCiy  weak ;  the  excitability  of  tlie  motor  and  Ben- 
tient  nerves  of  the  iria,  and  of  the  muscles,  and  the 
ontractilitj  of  the  arteries  dis^pear  sooner  after 
Icath  than  on  Uiu  other  side ;  uid  codftreric  rigidity 
id  putrc&ction  cominoncc  also  ■ooner. 
All  Uio  phenomena,  olMii>rvt>d  after  wction  of  tho 
'^ympathfttc  are  due  to  a  pumlytic  condition  of  tho 
,  blood-ressels,  which  is  the  direct  consequence  uf  tlie 
Operation,  and  owing  to  which  more  blood  pusses 
QUgh  tliese  Teaiiels  iu  a  given  spaoe  of  tin»  than 
eforc  ;  hoticc  an  increase  of  the  vital  proiR'i-ties  of 
be  contractile  tissues  and  the  nerves.  Almost  uU  the 
phenomena  observed  after  the  section  of  the  sym- 
pathetic may  be  observed,  if  tlie  quantity  of  blood 
circulating  in  the  blond -vc»ii.'U  of  the  head  in  a 
given  time,  is  increasud  by  any  other  means ;  thus 
the  hanging  down  of  an  animal,  by  holding  it  by 
ita  hind-legs,  produces  congestion  in  tlie  bead,  and 
almost  all  the  effects  of  the  section  of  the  syinpa^ 
tbetie.  It  is  seen  that  the  effects  of  electricity  are 
just  opposite  to  those  produced  by  the  section  of  the 
nerve ;  viz.  oontruetioQ  of  Uood-veesels,  diminntiou 
of  tlio  quantity  of  blood,  and  corresponding  dimiua-  I 
tion  oftbe  vital  propertdea  of  the  tissues. 
The  phenomena  observed  by  applying  eleetricitj  ' 
ctJy  to  the  eon  of  animals,  differ  according  aa  a 
3n  of  the  sympathetic  has  been  made  or  not. 
r  tltc  section  of  that  nerve  the  ear  becomes  hot.    If 


2fi2 


ELBCTRO-PHTSIOLOOY. 


one  pole  of  an  induction  appustofi  la  then  applied  to 
tlio  base  of  the  ear  and  the  other  to  the  top,  bo 
the  longitudinal  diameter  of  the  ear  is  tmrcnied 
ihe  current,  tlic  t«mpcrature  is  not  loweretl,  as  ii ' 
case  if  the  cephalic  end  of  tlio  Hympathutic  norrc  be ' 
galronisod ;  but  the  heat  in  the  ear  ia  thereby  further 
iocroMed.  On  the  contrary,  if  no  section  of  the  svni- 
patfaetic  has  been  made,  and  the  ear  is  galranised,  the 
tciiiireralnre  of  the  part  is  lowered.  Thiw  Bernard 
galviuiiscd  the  ear  of  a  rabbit,  in  which  he  bud 
dirtded  the  left  sjmpuUictic,  while  at  the  right  side 
no  Buch  operation  had  been  made ;  and  found  that 
if  the  left  carwaa  galvanised,  a  rapid  and  consider- 
able increase  of  heat  took  place ;  but  that  if  the  right 
ear  was  galvanised,  heat  was  just  as  rapidly  dimin- 
ished. Bernard  has  explained  this  in  the  following 
manner: — on  that  side  where  the  sj-mpatbetic  baa 
been  divided,  the  elevation  of  tempei-atnre  resolts 
horn  the  circumstance  that,  nnder  the  influenoe  of 
the  paJn,  the  heart  acta  more  vigorously  upon  the 
Arteries  of  the  ear,  whioli  are  reliuced  in  consequence 
of  the  section  of  the  sympatlietic ;  while,  ou  the  otlier 
side,  where  the  ncrro  is  in  a  state  of  integrity,  electri- 
city produce*  an  excitation  of  tho  sentient  ncrrca, 
which  is  transmitted  to  the  spimil  cord  and  by  reflex 
action  to  the  sympathetic ;  hence  the  vessels  of  the 
ear  are  constricted,  and  the  action  of  the  heart  can- 
oot  produce  the  same  results  as  on  tlie  otlior  sic 
where  no  reflex  action  from  the  spinal  cord  to  the 
•ympathctic  is  possible.    This  is  proved  by  the  fol> 
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lowiiig  expeiimeni:— if  the  auricular  nerve,  Trlitch 
taken  it«  ri«o  from  tlic  oi^rrical  ploxiis,  find  which 
tranamitfl  rpflox  uction  from  the  ear  to  the  spinal 
cord,  be  divided,  the  temperature  of  the  ear  coit  do 
lougcr  be  dimioisbed  b^  the  direct  application  of 
gnlvanisiu  to  the  ear ;  hot  a  decrease  of  te)iii>erutnrc 
in  the  ear  may  again  be  caused  tf,  after  the  section 
of  the  auricular  oerre,  its  central  end  is  galraniacd; 
whereby  tho  refioz  action  to  the  oord  and  tbeuce  to 
the  Bympathetic  is  re-establimbcd. 

If  the  inferior  corrical  ganglion  of  the  sympatlietio 
ncrre  be  galvanised,  the  pulae  is  accelerated ;  the 
Bamc  is  observed  if  tJie  cardiac  branches  arc  sutyeeted 
to  an  electric  corrent ;  while,  if  the  pnenmoigastric  is 
galranised,  the  action  of  the  heart  is  arrested.  i' 

Claude  Bernard  has  further  shown  that  the  same 
effects  wbicb  are  produced  by  dividing  and  gnlran- 
iting  the  cervical  sympathetic,  may  be  brought  about 
by  division  and  galrauisatioa  of  the  vaso-motor  nervefl 
of  the  limbs. 

Fnuaak*  baa  made  some  obaervationa  on  the 
effeota  of  the  application  of  the  induced  current  to 
tlio  sympathetic  ou  thu  blood-vessels  of  the  tym- 
panum ;  attd  found  that  the  arteries  were  at  first  con- 
stricted, but  became  dilated  after  the  Ktiniiilnlion  had 
eensod ;  the  veins  were  dilated  during  the  ittiiuulation, 
probably  bocanao  tlio  arteries  were  emptied ;  and 
they  became  constricted  ancrwards.  In  theae  ex- 
periments be  rendered  the  lymimnum  of  tlie  dog 

•  ad*  Mid.  Dcr.,  ISUS,  f.  101. 
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visible  bj  treplunia^  the  mastoid  portion  of  the 
t«mponl  bone>  and  iUamitifttiQg  the  interior  b;r 
menos  of  a  reflector. 

Such  are  the  effects  of  tlic  application  of  the  id- 
dneed  cutrent  to  the  ccrrical  sjmpathotio  in  aitir 
which  have  been  subjected  to  more  or  less  severe  opc^ 
ratioDs.     It  now  remains  to  deaeribo  the  efffcta  of 
the  continuous  current  on  the  sympathetic  in  healthy 
men. 

I-^pfrimenUi  mi  iMan. — Frictioual  electricitj-jelectro- 
miigiictisui,  and'  magncto^electricitj  appear  to  have 
no  effect  whu.t^>rcr  on  tLo  vital  energy  of  the  sj in> 
pathetic  unless  great  power  be  used,  while  a  gcut 
ooutinDOna  galvanic  current  haA  a  direct  inSuenc 
on  the  mme.  Euluubiu-g  and  Schmidt*  liave  ob- 
served that,  if  the  poflitivtt  pole  of  a  Daniell's  bat- 
tery of  from  twenty  to  forty  ccUa  is  applied  to  the 
manubrium  stemi,  the  negative  pole  bein^  placed 
immediately  behind  and  below  the  anjjio  of  thf 
lower  jaw,  to  a  point  corresponding  to  the  gunglioa 
cervicale  saperius ;  and  if  the  circuit  is  closed  in  the 
metolUo  closing  arch,  the  electrodes  being  fijccd  at 
the  lime,  there  is,  as  aooti  as  the  current  begins  to  act, 
a  aliglit  dilation  of  the  pupil  of  the  same  side,  after 
wliich  the  j)upil  is  gradually  oi>ni*trict*?d.  Sometimes 
these  phenomena  do  not  u]>i)eu.r  on  first  closing  tlie 
circuit,  but  only  after  tlic  eurrunt  has  been  closdtt  for 
half  a  minute  or  a  minute,  and  is  then  broken  and 


*  CantmltiLiit  luTdio  iiivdiciiiiscHco  WiMoiucliaftrD,  IBOS.    Ka*.9I 
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cIounI  u^in  ;  tliey  also  occur  aft^nvar^s,  each  time 
the  circuit  ia  again  closed.  In  most  coses  thia  initial 
instantancoos  dilatation  of  the  pupil  is  ao  alight 
that  it  canuot  be  observed  with  the  unassiitted  eye,  b»t 
cmn  onlj-  be  shown  to  occur  with  the  aid  of  the  ptipil- 
loecope  lately  tnrcntvd  by  Giraud-Toulon.  This 
iustrumont  allows  us  to  notice  any  modifications  of 
the  aixe  and  distance  of  the  diapetsing  circles  in  the 
retina  by  minimal  alterations  in  the  diameter  of  the 
pupil,  snch  galvanic  power  being  used  aa  ia  applic- 
able for  therapeutical  purpoaea. 

With  tlie  aid  of  the  pupilloKcope  it  is  seen  tluit 
at  the  instant  of  closing  the  circuit  the  disporsiiig 
circlea  are  suddenly  fuLu^-d ;  and  if  the  circnit 
remains  closed,  they  undergo  a  gradually  inoreariag 
dimination.  'When  the  circuit  is  openetl  tlie  effect 
differs,  there  being  sometimes  an  euliirgement  and 
sometimes  a  diminution  of  the  same ;  or  there  may  be 
no  perceptible  alteration  whiiteror  in  the  dispersing 
circles.  In  rare  cascM,  or  where  a  very  powerful  cur- 
rent is  used,  the  pupil  becomes  diluted  after  the 
applicatioD  has  lusted  for  a  certain  length  of  time  ; 
and  tliis  dikt*tioD  may  then  be  observed  with  tlie 
nakisi  eye.  ThcRC  phenomena  are  more  nneertain  if 
the  direction  of  the  current  be  reversed ;  tliey  com- 
pletely disappear  if  the  negutire  electrode  ia  nnnoved 
I  from  tlie  ptuce  correaponding  to  the  ganglion  cervicale 
mperius  to  tlie  cervical  Tert«bne ;  and  if  both  elec- 
trodes are  aymmetricnny  applied  behind  and  betow 
the  angle  of  Uie  lower  jaw,  the  phenomenu  occur  J 
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in  a  more  narked  manner,  and  more  stronffly  in  that 
eye  wliicb  corresponds  to  the  negative  pole. 

If  a  aomewbat  poiverfnl  current  U  munterruptodly 
appliMl  in  the  same  direction  for  a  cortain  U-n|^li  of 
tinte,  tlio   rate  of  pulsution   appears  to    diminish. 
Where  the  action  of  the  heart  is  normal,  the  pulse 
falls  from  four  to  sixteen  beats  in  the  mutate ;  bat  in 
pathological  conditions,  where  the  pnlse  isacoderatetl, 
OS  in  c«rta£u  forms  of  h«art  disease,  exopbthohnio 
goitre^  etc.,  the  fall  may  be  niach  more  conaidvnble. 
This  diminished  rate  of  polaation  is  accompanied  by 
a  decrease  of  tension  and  pressure  in  the  carotids  of 
both  sides,  and  even  in  the  radial  art«riea,  which  ia 
quite  perceptible  to  the  iingvr.    An  eiamiuation  by 
mMOB  of  the  sphygmogiaph,  howorcr,  gives  much 
more  distinct  results,  showing  that  the  typical  relation 
of  the  curres  of  the  carotid  as  they  appear  in  liealthy 
persona,  are  considerably  altered  during  the  time  that 
galvanism  is  applied  in  tliis  manner.     The  line  of 
aac«D8iou  becomes  more  slanting,  and  deviates  more 
strongly  to  the  right  side:  the  pointed  summit  dis- 
appears completi.-ly,  or  almost  completely,  and  iustead 
of  it  a  brood  lerel  is  traced,  which  cither  proceeds  in 
n  horizontal  plane  or  shown  anollier  more  or  less  steep 
ascension.    The  end  of  tliis  part  of  the  curve  which 
forms  the  oommcncemeat  of  the  lino  of  deecension, 
is  formed  by  the  summit  of  the  secondary  elera- 
tion ;  this  is,  tln-Ti-fory,  ut  the  same  level  n»,  or  even 
higher  than,  the  summit  of  the  prinuiry  wave,  which 
otherwise  oonvsponds  to  the  geouieUricul  summit  of 
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Uw  cnrre.  The  line  of  dcscension  Iklla  rathor  flatly, 
and  tilt!  litst  great  iocisian,  with  it«  oorrespondui^ 
is  also  flat  and  roiiiidt>d.  Sonuj  of  these 
phenomena  may  also  be  obserrt.'d  in  the  curve  of  the 
ntdiiil  nrterv. 

Euleaburg  and  Schmidt  consider  it  probable  tJiat 
by  applying  the  current  in  tlie  way  first  described, 
both  geni;ral  and  local  effecti*  are  produced.  The 
{;«neml  vflect  I«  Ktardation  and  cnfL-ublinj^  of  the 
heart's  action,  as  shown  by  dimiiiislicd  rut«>  uf  pulsa- 
tion And  tension  ;  while  the  loail  effect  would  be  doe 
to  a  direct  galvanic  action  on  the  vuflomotor  uerve- 
fibrea  of  the  head,  which  are  contained  in  the  cervical 
tjiapnthetic,  whereby  the  arterial  tone  in  the  sphere 
of  the  carotid  luiery  and  the  prcaanre  of  blood  in 
the  Mine  is  rcduct-d.  TTiia  supposition  would  appear 
to  be  supported  by  the  following  experiment:— 

If  a  powerftU  direct  current  is  sent  from  tlio  spine 
to  the  brachial  pWxua,  the  pOHitire  jwlc  being  applied 
to  the  spinous  pnx-eBSC«  of  tlie  lower  corriciJ  rcrte- 
brrc,  while  the  ncgutire  pole  is  in  the  supra-claTiouliu" 
foMO,  we  observe  after  a  tirue  a  dimination  of  the  rate 
of  palsation,  but  which  is  generally  leas  marked  than 
[n  tJie  previous  experipient;  viz.  ttom  fonr  to  ten  beata 
in  a  minut4>  only.  At  the  same  time,  or  even  before 
tb©  tension  of  the  radial  art^-ry  of  the  corresponding 
lide  is  much  diminished,  and  on  examining  tbe 
■ainc  by  means  of  the  sphygmograph,  similar  draw- 
inga  are  produced  us  were  noticed  on  t)ie  carotid, 
tLe   fiutumit  of  tlie  curvu    is  eoloiged,  ojid  the 
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(rat  Bumtnlt  of  Uic  secondiu-j  vraxe  U  higlier.  These 
^lenomena,  howeror,  ure  oiiljr  tempororjr  effects  of 
the  galraoic  application  :  for,  if  the  circoit  remains 
olosed  for  some  time  longer,  tbe  currea  of  the  railLftl 
ftrterjr  gradually'  return  to  their  normal  condition,  and 
tbe  rate  of  puUution  is  agnin  iiicreasod,  although  it 
does  not  quite  reach  its  previous  standard.  After 
Uie  circuit  ia  opened,  both  the  curre  of  tbe  radial 
arter;  and  the  rate  of  pulsation  return  to  their  nor- 
mal condition. 

The  iftte  of  pulsation  is  (\irther  diniiuished  by  sjrm- 
metaical  appUcatiou  of  hoth  polus  to  each  sapertor 
cerricat  gangUoa  and  hy  galvanisation  of  the  spiiio 
with  a  strong  direct  current  of  from  forty  to  sixty 
cells,  even  in  tJic  lower  don^l  zone.  If  a.  i>owcrful 
induced  current  is  applied  to  the  skin,  tlitrru  is  at 
first  acceleration  luid  afterwards  rcturdation  of  the 
heart's  action  with  corresponding  graphic  alterations 
of  the  radial  pulse.  There  can,  therefore,  he  no  doubt, 
tliat  hj-  applying  galranifim  in  a  certain  maimer, 
peculiar  cfFectd  on  lite  action  of  tlie  hi-urt  and  tbe 
oorreat  of  the  arterial  blood  may  be  obtained.  It  is 
not  improbablo  that  some  of  these  ufliect«  are  due  to 
reflei  excitation  of  the  pneuniogiistric  nerve. 

fypliiitfliHic  nerve«, — In  IHoG  Pfliiger"  (UBcovcied, 
that  the  itpliuichnic  ner^'es  have  an  inhibitory  inflti- 
ence  upon  the  niorements  of  the  intestines.  He 
haa  sbowu  that  if  theso  nerves,  which  luko  their 

•  r«b(r  da*  Il('niniuwr»-N>rt«iij'»l«i»  fir  lUv  ptTiilaltJschuii  Bow*- 
gal^ni  iff  Ocdiinar,     Berlin,  )0GS. 
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rise  from  the  six  lover  dorsal  tranglta  of  the  sjtnpe- 
tbetic  are  galvanised,  the  jkeristalUc  moveuieiila  nt' 
tiie  Hiiinll  intestities  are  almost  inunediatelj-  arretted. 
Heuc«  he  concluded  that  thea'e  is  a  peculiar  set  of 
Dorvcs  which  hus  the  fuiioUoii  of  diminishing  or 
urresting  thi'  pcristultic  movemonts ;  this  set  of 
nerves  he  called  the  inhibitorj-  By«t*Mii.  Mr.  ListtT,* 
who  has  experimented  upon  the  same  subject,  in- 
clines to  the  opinion  that  the  inhibiting  inBuenoe  is 
oolf  produced  if  a  strong  electric  current  is  applied 
to  tlie  Kphmchiiic  nerves ;  but  that  there  is  lui  iu- 
crenw  of  function  in  them  if  tliej  are  excited  hy  a 
gentle  current. 

Vm.    ACTION  OF  THE  ELECTRIC  CURRENT:  UI'ON 
TUE  COSTIUCTILE  F1BRE^;ELLS. 

'  All  forms  of  electricity  have  a  marked  action  upon 
tlie  muscular  Gbre-celle,  hut  more  uspecially  so  the 
induced  current. 

If  an  electric  shook  is  .applied  to  a  Toluntaiy 
mnacle,  it  immediately  contracts,  and  then  aa  (jiiickly 
relaxes  ;  while  the  moremeuts  inducn-d  by  the  appli- 
cation of  electricity  to  tlio  conttactile  fibre-cells  uro 
not  obsen'ed  simttltaneoualy  with  the  application  of 
the  electric  current,  but  only  a  certain  time  after 
it  luu  acted  upon  the  tissue.  The  only  exception 
from  this  rule  is  made  by  the  iris,  which  is,  in  this 
respect,  similar  to  the  roluntary  nmscJee.    Moreover, 

■  PnUMOM}  ueoaat,  tte^  b  rnxMdiiigi  of  tht  Bej»,\  SoeMf. 
Vol.  i.  Vo.  H. 
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ihe  motion  once  excited  in  the  fibre-celts,  continnea 
for  a  certain  time  after  the  eessatioii  of  the  corrent ; 
and  is  not  confined  to  thnse  parts  to  vbich  the  elec- 
tricity has  been  directlj  applied,  aa  is  the  cnse  with 
the  Tolimtarj  muscle*,  bnt  is  propagated  to  other 
parte  of  the  same  tract.  It  has,  however,  been 
ahovn  b;  Ilelinholb;  and  Ficb,  thai  both  the  striped 
and  the  nnstriped  fibres  pass  actnallj*  throngh  the 
■ame  periods  of  contraction  ;  and  that  tJiore  is  only 
ft  diJEIbrenee  oa  regards  the  rapidity  with  which  these 
latter  sncceed  each  other. 

If  the  continnoas  current  is  used  oontractionB  are 
observed,  not  only  at  ita  commencement,  aa  ia  the 
ea«e  with  the  roluntarj  muticloii,  but  also  while  tho 
cireoit  romains  closed.  The  power  of  the  current 
employed,  and  the  length  of  time  during  which  ita 
action  is  kept  up.  determine  the  intenHity  and  dora- 
tion  of  the  movemente  brought  about  in  the  organtO 
flbre-cella  by  the  application  of  electricity. 

IThcm  contractions  always  take  place  in  an  order 
which  corresponds  to  the  physiological  purpose  j 
thus,  by  the  electric  excitation  of  the  intuKtinee, 
peristaltic  movements  only  arc  induced,  but  never 
anti-peristaltic  contractions ;  if  the  unjtberes  are 
acted  upon,  the  contraction  proceeds  fironi  the  Idd- 
neys  to  the  bladder,  but  never  in  the  opposite  direc- 
tion, whatever  may  be  the  intennity  and  the  dtroctioii 
of  the  current,  and  whatever  may  bo  the  point  of 
the  tract  to  which  tlic  electrodes  arc  apphed. 
The  effects  of  electricity  oo  the  on  striped  flbi 
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hare  been  investigated,  not  only  in  living  and 
dead  animals,  but  also  in  rcceiitly-kiUed  bodies  of 
eiimuial*.  Bcaeorclies  of  tliu  latter  Und  were  nu- 
dert«kcn  eRpecially  hy  M.  Nyuten,*  during  the  whole- 
aola  slaughter  which  accompanied  the  first  Freuch 
Bevolation,  and  more  recently  by  Professors  Hvnle, 
KSlliker,  Cierlach,  Uarlesa,  and  otliers.  The  rvsulte 
of  these  experiments  are  somewhat  at  Toriance  with 
each  other;  which  is  no  doubt  due  to  the  circum- 
stance that  some  have  employed  the  continuous, 
and  others  the  indueud,  current ;  and  that  those  who 
employed  the  continuous  current  have,  iu  some 
instances,  made  use  of  very  feeble  batteries. 

Irit. — If  the  iudiicod  current  is  appUed  to  the  iris, 
this  membrane,  like  the  voluntary  muscle,  contracts 
rapidly,  and  returns  to  ita  previous  condition  as  soon 
ai  the  circuit  is  broken.  By  applying  electricity  to 
the  iris,  however,  dilatation  as  wtrll  us  constriction  of 
the  pupii  may  be  produced,  according  as  tho  current 
acts  upon  the  dilatator  or  the  constrictor  muscle.  A 
constriction  of  the  pupil  is  observecl,  if  onu  pole  is  di- 
rected to  tlie  centre  of  the  cornea,  and  the  other  one 
to  any  point  of  the  head  or  face;  by  this  omogcmeat 
theeircohir  fibres  of  the  iris  (sphiuotor  pupillu.-)  arc  put 
in  action.  A  constriction  of  the  pupil  is  aUo  perceived, 
if  one  metal  of  a  galvanic  pair  is  phicod  ii]  the  no«e 
and  tho  other  one  on  the  tongue ;  it  is,  however,  ne- 
coiwu-y  fur  the  success  of  mch  experiments  tliat  they 

■  !lain«llei  (opJrUoOM  plruiiqiiM  Uitrt  mr  iMCtgun  numUirM 
d«  IImiiib*  tt  dM  MimWK  i  Mug  raop.    Pari*,  u  sf.  (IBDIX 
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bIiohM  be  mode  in  a  room  where  onlr  bo  mach  external 
li^lit  isBtltuittcdo*  is  safficicnt  fur  discerning  Uie  size 
of  the  papil.  It  ia  tJicn  uasj  to  observe  tliat  ft  con- 
striotion  of  the  pnpU  tukos  place  each  time  the  metals 
arc  brought  ia  contact  with  each  other. 

If  (lie  jKtlea  of  an  induction  apparatus,  or  of  a  single 
galvauic  pair,  are  directed  to  the  in\ge  of  the  corrm  or 
to  the  sclerotica,  the  radiar  fibn?s  of  the  iris  (dilatator 
pnpillffi)  an>  excited,  and  the  pupil  is,  therefore,  di- 
lAtOfl.  ^^'he^  the  electrodes  are  applied  to  the  upper 
and  the  lower  part  of  the  cornea,  the  pupil  assnmee  the 
shape  of  a  Ijiug  oval ;  and  when  tliey  are  placed  to 
the  right  and  lefl  side  of  the  cornen,  the  papil  tolces 
the  form  of  a  standing  oval. 

Inttvtines. — The  fibi-e-cella  of  the  intestines  respond 
rondily  to  the  galvanic  stimulus.  Aldini  observed 
that  when  a  sine  plate  was  iatrodaced  into  the 
I  moath  of  a  recently-killed  bull,  and  a  piece  of  stiver 
'  into  the  rectuin,  and  both  mctuls  were  connected  br 
nieans  of  a  wire,  the  abdominal  muscles  of  the  animal 
were  convulsed  and  the  fieces  discharged.  This  ex- 
periment was  rei>eated  by  M.  Actiard,  of  Berlin,  on 
himself,  who  oxpcrionced.  almost  immediately  after 
the  circuit  hod  been  established,  pain  in  the  pelvis, 
and  soon  afterwards  tlie  bowels  were  voided  of  their 
contents. 

If  the  Kitivartf  glantU  ajf)  directly  galvanised,  no 
apparent  effect  is  produced ;  but  Professor  Ludwig* 
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has  sbown  that  if  the  indaced  cnirent  be  applied  to 

the  lintfttal  iind  «iiric»U>-tflnnmral  nprves,  tlie  chorda 

tj'uipuni.  luid  thf  pusk-rior  pnrotidoal  braiichoH  of  the 

portio  dam,  an  abundant  flow  of  salira  takes  place. 

M.  Claude  Bernard"  has  proved,  that  if  the  nerrca 

_  jast  nained  are  galvanised,  the  blood-vessels  of  the 

■aIi^'nr;r  glands  become  enlarged,  au<]  that  this  dila- 

rtetion  of  the  blood-rcewels  U  diio  to  a  gimtcr  uttrac- 

,  tiou  of  iu-t«rut]  blood  dovelopc-d  in  th«  tiMttes ;  while, 

Sif  the  sjiopathetic  nerro  is  galvanised,  the  salivary 

'Secretion  is  arrested.    The  amoant  of  saliva  which 

mmy  be  collected  in  a  very  short  time  from  tlie  aali- 

Tary  glandit,  if  the  nerves  above  named  are  )>alvn- 

nfaed,  by  flu*  8urpiuB«a  the  volume  of  the  gliutde 

thrawelvM,  BO  that  it  eoonot  be  Bupposcd  that  the 

saliva  is  simply  Kqtuwsted  out  of  the  gland  ;  but  it  is 

secreted  in  tlie  glund  at  the  very  moment  when  the 

gmlvonism  is  causod  to  act  on  the  secretory  nervea. 

The  excretion  of  the  aalira  is  vflV-ctod  by  the  saino 

forces  which  attract  thv  blood  to  liie  glands,  sod  not 

■by  tbe  tissue  of  the  glands,  ^ce  the  elementary 

*abstu)c«  of  the  glanda  has  no  inherent  contractile 

power.     H.  Bernard  is  inclined  to  assume  that  the 

capilhirios  possess  two  properties,  one  of  contraoHon, 

and  thu  otlicr  of  dilatiition  ;  and  that  cither  of  these 

properties  is  put  into  play  by  a  peculiar  sot  of  nervM. 

Oalvanisatiou  of  the  antophagus  in  man  caoscs  ood- 

tiaction  of  ita  longitudinal  as  well  OS  of  its  circular 

fibns ;  and  if  the  action  of  the  current  be  kept  np  for 

•  Jnimtl  dt  U  F^r*iolog^  il*  rilomnr.    Pari*,  Oct.  ISat,  p.M*. 
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tk  onlaio  Ume,  the  coDtroetioD  is  no  longer  limited 
to  the  part  directly  operated  upon,  but  procee<l9 
downwards  towards  tho  atonmcb.  In  man  and  mosl 
of  the  mammalia,  the  oesopbagua  is  composed  or  both 
atriped  and  mistriped  fibres,  so  that  the  aspect  of 
ita  contraction  by  galranifim  resembles  neither  that 
of  Tolunttiry  musclfis,  nor  tliat  of  fibro-ct^lls.  In 
birds  tbe  a)«opliitgus  consists  ozelusirLdy  of  nn- 
striped  fibres ;  tbe  motjon  excited  by  g^vanism  in 
the  <£9ophagn3  of  birds  therefore  commences  slowly 
luii  contLtines  for  »oine  time  after  the  cossation  of 
iho  current.  In  tlie  rodeiitia  or  gnawers  tbe  €mo- 
phflgus  consists  of  Btrii>e«l  fibres  only,  and  if  it  be 
galvanised,  a  rapid  contraction  occurs  which  ce 
iinme<liate1y  with  the  cessation  of  tbe  oarreut. 

Tlie  ttofiutch  responds  well  to  the  electric  stimulus 
by  a  shortening  of  both  its  longitudinal  uud  trans- 
TerBQ  diiuuottir ;  the  direction  of  thu  moremeut  bein^ 
always  from  the  cardia  to  the  pylorus. 

The  ntall  intetttnaa  are  particnlarly  excitable  by 
galvanism.  If  th«  cavity  of  the  al>donien  is  opened 
in  reccntly-killMl  animals,  powerful  contractions  of 
tho  intestines  tuke  place,  which  are  prodnced  by  tbe 
contact  of  these  tissues  with  air.  AAor  a  time  these 
contractions  cease;  and  if  an  electric  current  is  then 
caused  to  act  upon  the  small  intestines,  they  are 
again  seen  to  contract  strongly,  and  tlio  contents  of 
tho  bowels  are  propelled  towards  tlie  rectum.  If  the 
electnxlG*  bo  pkoed  very  near  each  other  to  any 
point  of  tlio  intestines,  and  shortly  aAerwarda  rapidly 
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removed,  a  constriotion  of  the  coaal  occurs  on  tliat 
particular  point  to  whicli  the  electrodes  hare  been 
directed.  TIii«  constriction  reaches  ibi  miucimum  a 
iliori  time  uftor  the  electrodes  liiiTO  been  removed, 
and  tiieo  slowly  disappears.  It  generally  extends  a 
little  uboTc  imd  below  the  point  where  the  eleclrodea 
have  been  placed ;  and  it  is  most  striking  in  the  duo- 
denum, while  it  is  not  very  marked  in  the  necnm. 
The  rolvM  luid  tlie  netvm  respond  well  to  the  electric 
stimulus,  although  not  so  nsudily  ua  the  small  intes- 
tines. 

If  the  gall-bladder  is  acted  npon  by  electricity,  it  is 
Been  to  contmct  and  to  void  the  bile  into  the  dno- 
doDum.  If  the  electrodes  are  placed  very  near  eadt 
other,  a  constriction  la  produced  in  the  |^l-bladder 
which  may  be  so  strong  as  to  divide  tLat  organ  in 
two  distinct  porta  which  do  not  communicate  with 
each  other. 

The  »plr,m  of  moat  mainmiiliA  contracts  fairly  well 
tuder  tlio  influence  of  tie  electric  carrent ;  bat  con- 
cerning the  cootnictility  of  the  human  spleen  there 
id  much  difference  of  opinion.  Eulltkcr,  Dittrioh, 
andGerlach*denyit8contractility ;  while  Wagncr,t 
Uorlesstj  and  Claude  Ilemard  affirm  it.  This  dis- 
crepancy is  iirobiibly  owing  to  the  circumstance  that 
Kiiltiker  used  a  feeble  continuons  current,  whilo 
Wagner  and  Bernard  employed  a  powerful  iuductioa 
apiMUatas. 

t  JuuMlw  AnB*l0D.  )S4t>.     Urtt  1. 
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The  *imJ^w^  respond  readOy  to  tte  electric  cur- 
rent ;  they  are  at  the  Bame  time  shortened  antl  con- 
Dtrioted,  and  the  contractions  proceed  in  tlie  direction 
flrom  the  kidnejH  to  the  bWIder.  These  contracUoos 
coatiniic  long  aflcr  the  iipplicatton  of  galnniun  has 
ctaaeA. 

TTie  btaddffT  contracts  Tigoroualy  when  ^IraniAcd ; 
and  the  vaa  deferaiSy  the  qyididj/mi*,  and  the  tunica 
va^auiti*  propria  are  likewise  not  devoid  of  contrae- 
tilitj.  The  uterus  ansvreni  to  the  application  of  gal- 
TanisDi,  whether  it  be  in  the  grarid  state  or  aot. 
Weber  has  observed  partial  contractions  of  the  uterus 
in  bitches  and  rabbits ;  and  that  the  human  nturos 
in  the  grarid  titat^  contracts  m  tolo,  when  galvaniaed. 
It  confirmed  by  cUniciU  cxperietice. 

According  to  Dr.  F.  W.  Mackenzie,*  the  utoruB 

I  contracts  more  readily  when  the  positive  pole  is  di- 
rected to  the  spine  and  the  negative  to  tlio  cervix, 
tiian  when  both  poles  are  directly  applied  to  the  sub- 
stance of  the  ut«rufl ;  and  the  electric  ciirront,  directed 
longitndinnlly  throu<;h  flic  uterus,  promotoji  powerftil 
und  ^neral  utL-rine  contraction,  whort.'as  a  current 
passed  transvetsely  through  the  organ  excitea  partinl 
contractious  only  in  the  direction  of  the  current.  Dr. 
Mackenzie  has  nssortod  that  the  contraction  of  the 
contntcttle  fibres  of  Uic  utenis  canfwd  by  galvanism 
differs  widely,  by  its  slowness,  from  that  of  tbc  other 
involuntary  muscles  when  acted  upon  by  electricity : 
but  such  is  not  the  case,  as  the  ccecum,  the  gall- 
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bladder,  and  other  inrolunttuy  muscles  respond 
cqnolly  slowly  to  the  galriuuo  stimoLitiou  as  the 
utenia. 

The  contractility  of  the  hlood-vcMeie  w  proportion- 
ate to  the  tnunber  of  nn^triped  fibres  thejr  contain. 
It  lias  beon  affirmed  by  Vassolli,  Giulio,  nnd  Rossi 
thnt  tlio  aorta  of  man  coutmcta  when  gulmniMd ; 
bat  neither  Nyst«n  nor  KoUikcr  bare  bo«D  aUe  to 
perceive  such  oontiHctions.  Thv  absence  of  contract- 
ility in  the  aorta  is  readily  to  be  underetora),  if  we 
consider  that  it  consists  almost  entirely  of  elastie 
fibres,  (uid  contains  only  very  few  contru«tilu  ele- 
ments, which,  even  when  excited  by  golvanisiu,  are 
Dot  capable  Jo  counterbalance  the  elastic  force  wliieh  I  ^  t^^^ 
continualty  tends  to  keep  the  aorta  open.  |  Tlie  un- 
stripod  iibreii  are  much  more  abundant  in  the  smaller 
arteries  of  man,  and  ootiseqncntly  t]tcs«  ant  sucn  to 
contract  uner^'ticully  when  gulvanifit-d.  The  aorta 
of  homes,  cows,  and  sheep  contains  more  fibre-cells 
than  the  homan  aorta;  and  it  is  therefore  probable 
that,  were  that  Tessel  galraniaed  in  those  animals, 
coritrnetiops  would  be  noticed.  The  smaller  arteries 
of  man  arc  much  constrieted  when  galvanised ;  these 
constrictions  are  not  obsorrable  immL-diatcIy  after 
the  commencement  of  the  current,  but  only  alter  its 
action  has  been  kept  up  fur  a  certain  time.  When 
the  application  of  ^Ivanism  is  discontinued,  the 
constiictions  still  increase  for  a  short  tiuie,  and  then 
slowly  dimppcar. 
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IX    ACTIOS    OF   TdK    ELECTRIC    CURRENT    ITOS 
TIIE  IlE-VRT  AXD  THE  PXEUMfWASTaiC  NEnVE. 

The  plienomena  produced  by  the  applicatioa  o/ 
(rolTUtiisiii  to  the  heart  differ  according  to  the 
yaai»  of  tltc  liimrt  nct«d  upou.  The  heart  reoe;TM 
its  nenrona  tupply  firom  four  sources;  viz.  I.  Th« 
sjrmpathetic  ^ati);1iiL,  which  arc  sitniit(.-d  in  the  euh- 
stance  of  the  heart  itself,  and  which,  as  Bidder  and 
Roaenberger  have  shown,  are  found  clustered  together 
in  Uie  lines  of  junction  between  tlie  anriclca  and  t«ii> 
triolce,  and  between  the  anrielo  and  the  grent  TL-tns; 
these  impart  to  the  heart  the  power  of  besting  rhj- 
micalljr.  2.  The  ncrres,  which,  ftvm  the  cervical 
sj-mpathetic  send  the  motor  impulse  to  the  heart. 
8.  UtaoUVg  eardiae  nammia  e«iUn  in  tlip  medulla  ob- 
longata ;  and  4.  The  d^maor  lunt,  wliioh,  accordtng 
to  Ladwig  and  Cyon,  originatoa  from  the  superior 
lazyngeal,  and  which,  when  its  oontral  end  ia  galva- 
nised, canaca  dilatation  of  the  blocKl-Tesscln.  and 
dimiiimhcd  pressure  of  the  blood.  If  the  rontricio 
and  the  atrium  of  a  frog's  heart,  which  is  stilt  a^ 
tirelj  pulsating,  are  gnlTantsed,  the  heart  ia  con- 
stricted, and  its  movements  may  cease  altogether ; 
but  if  the  electrodes  are  applied  to  the  bulbua 
aortiv,  the  putsationa  become  more  powerful ;  tbey 
disappear  entirely  if  an  electric  current  is  caused 
to  set  on  the  vena  cam,  but  begin  again  after  the 
cessation  of  the  current.  These  differences  OK  only 
to  be  understood  by  remembering  that  some  of  the 
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hCttca  of  the  Leitrt  iiaport  to  it  mutivo  ponvr.  nbilo 
others  ivgulut«  and  inhibit  it.  If  the  funner  are 
galvanised,  the  action  of  the  heart  is  augmented, 
while  by  galvanisation  of  tbe  latter  the  pulsutiona 
ore  arrested.  This  fnct  was  disooTcred  by  Prt)fi.'«8or 
Webor,  of  Leipzig ;  aiid  iwn  indcpvadcutly  of  him 
by  Professor  Budge,  of  GreifswaJd ;  whilo  M-  Claude 
Bernard  has  obseired  many  other  interesting  pheno- 
mena in  connexion  with  it. 

If  the  pnciiiuogastric  nerves  arc  galvanised  witliout 
having  been  previously  divided,  the  action  of  the  hcwt 
as  well  aa  tbe  respiratory  movements  are  arrested,  and 
the  evea  protrude ;  &om  which  it  appears  that  thoao 
nerves  have  at  the  same  time  a  centriputul  and  a 
centrifugal  action.  If  a  section  of  the  same  nerves  be 
made  in  dogs,  and  their  npper  ends  be  galvanised,  the 
papils  are  dilated  and  the  eyes  protrude ;  if  galvanism 
be  then  discontinoed,  tlio  eyes  are  drawn  backward* 
and  the  pupils  constricted.  By  galvanisaUon  of  the 
npper  ends  of  the  vagi  no  effect  whatever  is  produced 
npon  the  action  of  the  heart,  and  if  the  current  bo 
gentle  tho  respiratory  muveineiitH  itiao  con  tin  ne  undis- 
turbed; but  if  a  strong  current  bo  Used,  the  respiratory 
movements  are  stopjied  during  inspiration,  the  blood 
in  the  carotid  arteries  becomes  black,  and  a  passive 
congestion  of  the  mucous  membrane  of  tbe  caivity  of 
the  mouth  is  itroduoe*) ;  the  tongue  appears  brownish 
bfaLck,  in  consequouce  of  the  momentary  asphyxia 
producL-d  by  gulranisution  of  tbe  upper  ends  of  the 
vagi ;  but  the  arteries  continue  to  beat.    If  galvanism 
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be  then  discontmaed,  tlie  reBpiratoiy  mOTements  be- 
^n  again,  and  the  velocity  with  which  the;  succeed 
each  other  is  even  greater  than  before  the  galvanisa- 
tion was  conunenced.  Moreover,  after  galvanisation 
(^  the  npper  ends  of  the  vagi,  sugar  is  found  in  the 
blood,  in  the  cerebro-spinal  liquid,  and  in  the  bile ; 
the  secretion  of  urine  appears  to  be  arrested,  and  a 
flow  of  saliva  is  observed ;  thU  saliva,  however,  is 
much  more  viscid  than  that  observed  to  flow  after 
the  galvanisation  (^  the  lingual  nerve,  or  of  the 
chorda  tjmpani. 

Galvanisation  of  the  lower  enda  of  the  va^  pro- 
duces opposite  effects ;  it  does  not  stop  the  respira- 
tory movements,  a»  is  done  hj  galvanisation  of  the 
upper  ends ;  but  arrests  the  pulsations  of  the  heart 
and  the  arteries,  and  generally  causes  vomiting. 

If  after  death  the  heart  of  an  animal  has  ceaaed 
to  act,  and  an  induced  current  is  applied  to  it,  rhyth- 
mic contractions  of  the  heart  are  again  observed- 
These  contractions  are  much  more  marked  in  the 
right  than  in  the  left  ventricle.  After  death  the 
left  ventricle  is  generally  firmly  contracted,  and  in- 
sensible to  the  electric  stimulue ;  the  right  ventricle, 
on  the  contrary,  is  almost  always  loaded  with  blood, 
and  contracta  very  powerfully  when  galvanised.  In 
animals  killed  by  chloroform,  sometimes  the  left 
ventricle  still  continues  to  pulsate  feebly,  while  the 
action  of  the  right  ventricle  is  entirely  stopped,  in 
consequence  of  eiceesive  distension  with  black  blood. 
If  in  such  instances  the  right  ventricle  is  galvanised. 
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it«  palsntioiw  l)i?giu  again  and  Uie  dilatation Itecoinea 
less.  From  thU  nv  nuiy  infer  tliat  gaWiuiinittioti  oi 
tbe  right  rcntricltf  may  bo  resortod  to  in  cases  of 
chloroform  poisoning  during  mirgical  opcmtioiu, 
afl«r  tlic  osnaJ  romcdies,  ospeui&Uy  artificial  respi- 
ration, have  failed.  Bat  it  is  indispenaable  tliat  in 
BQcb  inBtonces  a  gentle  current  should  be  tuied,  ns  a 
strong  one  would,  in  all  probability,  totollj  mmihilato 
the  exeititbilitj  of  the  lu-iu-t.  Baron  Humboldt  hnn 
performed  tuterceting  oxpi.-riment«  with  electricUj' 
on  the  huart  of  a  carp  which  had  been  cat  out  of  the 
bod;.*  Immediately  after  that  operation  had  been 
perforiuod,  there  were  thirtj-four  pulsations  obserred 
in  a  niiinit^';  tfao  heart  wus  then  touched  with  a 
solution  of  sulphuret  of  potassium,  aftvr  which  only 
nine  pulsutions  took  place.  Fire  minutM  after  the 
lioui  had  been  cut  out  thf^re  wero  only  three  pul- 
sations in  a  minute.  Feeble  discharges  from  a  Jar 
now  directed  to  the  substance  of  the  hoartt 
when  the  [wlsations  again  rose  to  twentj-eight  in 
a  iniiiiitt^- :  ft  soiiiowhiit  xtronger  discharge  was  then 
adntiDislerL-d,  and  the  piilsutionH  aguin  fell  hack  to 
eight;  a  still  stionger  discharge  entirely  destroyed 
its  contractility,  and  no  stimulus  was  capable  of  in- 
ducing further  pulsations. 

Mr.  Listi<r  f  has  obscrred  that  the  moroments  of 
the  heart  ore  not  always  arrested  under  these  cir* 
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ctunstancM.  He  found  that  «  feeble  comiit  had  a 
directly  opposite  action  to  that  of  a  powerfol  one ; 
for  when  a  weak  current  was  nsed,  the  rhythiutcal 
movemunt«  of  the  heart  were  quickened ;  when  the 
power  of  the  ciirrt.-nt  was  incrciisi^^.  thoM  uioto- 
menta  were  lurestuJ  during  diastole ;  while,  when  the 
power  of  the  current  was  Gtilt  more  augmented,  the 
morements  re-appeared. 

X.    ACTION  OF  THIi   KI.ECTRIC   CUItRENT   CPOX 
THK    BLOOD. 

The  action  of  electricitj  on  the  blood  iipjMMire  to  be 
wholly  chemical,  and  it  is,  therefore,  oojijr  to  under- 
stand that  the  continuous  current  baa  a  different 
effect  upon  it  than  &ictioual  electricity,  or  the  in- 
duced current.  The  latter  two  forms  of  clectridtj- 
eeein  indeed  to  have  Httte  or  no  uction  upon  blood 
at  oU,  while  elcctrulyais  by  mcnna  of  the  continaoiu 
cnrrent,  causes  a  profound  modification  of  the  same. 
The  efiectfl  of  the  extra-current  upon  the  hlix)d  have 
not  yet  been  inrestigated ;  but  it  apjteivrs  {irubable 
that  it  would  resemble,  only  in  a  much  more  feeble 
manner,  the  effects  of  the  oontintious  correut. 

The  action  of  olootricitj  on  the  blood  has  been 
studifd  by  Scudomore*,  Ihitrochett,  Miiilert,  Stoln- 
heil  ^,  Fraaer  ||,  and  many  others.  The  following  it  Ute 
substance  of  my  own  experiments  on  this  subject: — 

■  Annalw  dn  Srioncn  iioutvIIm,  1831, 

t  An  KMtj  on  Ibc  Blood,  eie.    Umdao,  183t. 

SPoggtttdorff'*  Anndni,  ISll, 
Zeitschrift  Wicntr  Arrit*.  April  IS.1S. 

l>iiubun(ii  MiKikiJ  JouiDti,  mas,  p.  i  lo. 
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The  IminedifttA  effect  of  the  olectroljtic  decomposi- 
tion of  an.T  nniiDBl  UqoHl  is,  that  the  positive  cou- 
ductor  is  oxidised  and  dilorinated,  and  fK>iu  a  motal 
cbanged  into  a  inetallic  aalt,  since  no  inetiU  ffhat«Ter 
cttD  resist  the  effects  of  oxygen  and  clilorine  in  tbeir 
nascent  condition.  On  the  other  band,  tnetale  art- 
not  changed  by  hydrogen  or  free  alkali,  anii  tht- 
negatiTe  pole  therefore  almuya  retains  its  pare  and 
bright  metallic  aspect,  whatever  may  he  the  power  of 
the  current  uaed,  or  the  length  of  time  ilitriiig  which 
it  i»  made  to  net.  Tims  it  npitears  thut,  in  using 
m<.Tely  the  ne^tivc  polo  of  tlio  battcrr,  ure  do  not 
introduce  any  foreign  fluhetancc  into  the  animal  U- 
(juid,  but  only  alter  its  composition;  while,  if  we  nse 
th<.-  positive  pole,  we  introduce  into  it  salts  of  iron, 
copper,  stiver,  gold,  or  any  other  metnlx  used  as 
oondncton,  that  is  to  say,  irritant  foreign  bodien, 
which  in  the  system  may  tnve  rise  to  inflammation, 
su)ipumtiou  and  other  undesirable  eorgical  oompUoa- 
tions. 

Ilie  following  effects  Are  produced  if  the  nlbmnen 
of  an  egg  is  subjected  to  electrolysis: — When  a  st«el 
needle  connected  with  the  ncgntive  pole  and  another 
steel  needle  connected  with  the  positive  pola  are 
iniraened  into  the  albumen,  a  peculiar  substance  is 
formed  round  the  negative  pole,  which  at  first  sight 
looks  like  a  coagulam  or  clot,  hot  is  In  reality  no 
clot,  but  a  sort  of  luce-like  jelly-tVoth.  which  consfarttt 
of  the  smallest  particles  of  iil)niiiieii,  mechanically 
driven  asunder  by  the  nasouut  hydrc^u,  and  chemi- 
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cally  altered  by  the  evolution  of  free  alkali,  viz.  soda, 
potasli  and  lime,  the  presence  of  which  may  be 
shown  by  its  effects  on  litmus  and  turmeric  pqper. 
The  principal  saline  found  in  the  eg^-albumen  are 
the  chlorides,  sulphates,  and  phosphates  of  soda, 
potash  and  lime.  These  are  decomposed  by  electro- 
lysis, hydrochloric,  sulphuric  and  phosphoric  acid 
appearing  at  the  positive  pole,  while  soda,  potash 
and  lime  accumulate  at  Qie  negative  pole.  An 
entirely  different  effect  is  therefore  produced  at  the 
positive  pole,  where  the  steel  needle  is  oxidised,  and 
by  the  development  of  sulphuric  and  phosphoric 
acid  and  chlorine,  sulphate,  phosphate  and  chloride 
of  iron  are  formed,  which  impart  a  reddish-brown 
colour  to  the  albumen,  with  which  they  form  an 
organic  compound. 

If  we  substitute  gold  needles  for  steel  needles  at 
both  poles,  we  perceive  that  the  effect  at  the  nega- 
tive pole  is  exactly  the  same  as  that  produced  by  the 
steel  needle,  while  at  the  positive  pole  the  effects  are 
ilifferent ;  for  there  we  have  no  longer  chloride  and 
sulphate  of  iron,  but  perchloride  of  gold,  by  which  a 
greenish-blue  clot  is  formed.  If  the  nature  of  the 
positive  pole  be  once  more  changed  by  substituting 
a  brass  or  copper  wire  for  the  steel  or  gold  needle, 
the  effect  is  again  different  at  the  positive  pole, 
wliere  a  white  clot  is  produced,  which  is  due  to  the 
action  of  the  copper-salt  on  albumen,  while  at  the 
negative  pole  the  same  substance  is  formed  as  before. 

The  effects  of  the  continuous  current  on  the  albu- 


THE  BLOOD. 


s;/i 


lea  of  aa  egg  are  Uierefore  twofold ;  viz.  first, 
echnnical  disintegrntion  of  ibi  substnnce  by  the 
coiit  hydrofjen,  iiiid  chemical  iUt«rntii:>ii  liycnnfitio 
potash,  Bodaand  limo  at  tho  ncgatiro  [olo;  and,  on 
tlie  other  hand,  chcmicul  alteration  by  chlorine  and 
Bcida  at  the  positive  pole.  There  ia  in  anch  experi* 
monta  no  visible  development  of  oxygen  at  all  at 
tlif  positiro  pole,  became  the  oxygen  tliat  is  evolved 
loiediately  oombiac«  with  the  metals  to  form 
es.  This  is  the  reniton  why,  aA^-r  such  experi- 
lents,  the  gold  needle  appears  black,  the  steel 
needle  brown,  and  the  brass  wire  greenish-black; 
while  at  the  negative  pole  no  alteration  of  the  metals 
is  prodncL-d. 
The  t'ffects  of  the  codHdiuiuii  current  on  blood 
Keuble  those  produced  on  albumen,  bat  are,  of 
le,  modified  by  the  presence,  in  the  former  liqnid, 
filirtne,  ba»natine  and  iron.  This  is  the  reason 
why  coagulation  takc«  plaeu  at  both  pok's,  with  only 
thb  difference,  tliat  the  oogativo  clot  ia  red,  soft,  and 
bulky,  while  the  positive  clot  is  black,  hard,  and 
small.  Both  clota  remain  unchanged  for  several 
days,  and  are  only  dissolved  when  putrefaction  of 
e  animal  liquid  commences.  The  clots  formed  in 
1  blood  are  more  firm  and  less  dark  tlian  tJie 
it«  fnruied  u>  venons  blood.  The  effects  are  other- 
ise  the  same,  whotlier  the  blood  hu«  been  taken  from 
ies,  veins,  or  capillary  vessels,  and  is  cxpcri- 
ented  upon  in  a  cop,  or  whether  it  is  still  circulat- 
(T  ill  t)ie  living  body. 
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I:  U  <&3T  vj  eug^Jate  the  I4»>d  viiik  exrndit- 
IzL^  ic  th~  artienc*  (/  Hrin^  di>gs  mud  nbbia.  On 
diiEK«tinz  tLe  uteriei,  tx  u  found  that  the  time 
K/j^iinrd  ftfl'  coagolation  Tmiies,  aeeofdliig  to  the 
[iow«r  of  tb«  eurrent  naed,  from  fire  to  tlditT  mimites. 
Coa^Iation  is  prodiic«d  at  both  pc^es^  the  dot  fonaed 
at  tli«  ymnre  being  firmer,  soialltf ,  and  da^er  than 
that  tormed  at  the  negxtiTe.  These  clots  ext^id  a 
khort  distance  berond  the  points  of  the  needles  which 
have  been  iu«d  in  the  expeiiraeot,  and  adhere  well  to 
the  coatii  of  the  vessel.  If  the  operation  is  continned 
f'*r  a  considerable  time,  the  coats  of  the  resael  itself 
are  destroyed. 

Tlie  microscopic  alterations  of  the  blood-corposcles 
Iif»<luce<l  by  the  passage  of  the  costinnoas  current, 
liave  lj<j<;ii  minutely  described  by  Rollet  and  Xeiunann ; 
bpil  an  t\iffKi  phenomena  hare  only  little  scientific, 
ami  HO  i>ractical  importance,  the  reader  interested  in 
tlib  name  in  referred  to  the  original  papers  published 
iiy  tliose  two  able  observers.*  The  same  applies  to 
the  iixpt-nuients  of  Dr.  Golubew.f  who  has  lately 
iiivi.-Hti^attid  the  action  of  induction  currents  on  the 
white  IjJood-corimscIes. 

XI.— ACTION    OF    THE    ELECTRIC    CURRENT    UPON 
TIIE   SKIN. 

SpiirltH  taken  from  the  common  electrical  machine 
pi'iidiiin  a  sharp  sensation  in,  and  a  peculiar  eruption 

■  HiiniiHKHliiriclilp  der  Wiener  Akmlemip,  toI.  ilvi.,  nud  Keichert 
nii't  I'lilfiiH'  .\n.'liiv  •'tc.  ISGfi, 
\  Ihidi-ni.  1-ul.  Ivii.  ]'.  R61,  1868. 
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oo,  the  tkin,  riz.  a  small  circaitucribcd  whool  which 
reBcmbW  lictica  urticAtm,  and  is  surrounded  by  a 
UtUe  influnmutoiy  bliuh.  The  action  of  the  con- 
uotu  corrent  apoa  the  skin  differs  according  to 
the  tntensitr  of  tlie  cuirent,  to  the  resistance  offered 
to  iU  pa«8ttge,  and  to  tbe  length  of  time  duri  g  which 
the  action  of  the  current  is  kept  up.  Thus  there  is 
odIj  a  trifling  action  if  the  skin  bo  dry;  it  is  much 
strongiT  if  thft  tpidprmis  be  moistenird  previous  to  the 
application  of  the  electi-odes,  and  still  more  bo  if  the 
epidei-inis  be  totallj-  removed  hy  blisters.  Tliia  va» 
poiot«tl  out  bj  Baron  Humboldt,  in  1795.  He 
:ad  two  blisters,  each  of  tlie  sixo  of  a  crown,  applied 
in  the  region  of  the  two  shoulder-blades,  above  the 
trapezius  and  deltoid  muscles.  By  cutting  tJie  btisten 
c^n,  a  serous  nncoloared  Uqaid  was  seen  to  flow  out 
IIl-  then  tiad  the  excoriated  spota  covered  with  a  silver 
pUtv.  and  u»  soon  as  the  zinc  was  coniiectud  with  it,  a 
liquid  was  seen  to  flow,  which  no  lonjjer  uppeai-ed  nu- 
ooloured,  but  wae  of  a  reddish  line,  and  which  pro- 
duoeil  considerable  inflammation  on  those  partA  of  the 
aldii  which  were  touched  by  it ;  at  the  same  time  a 
severe  burning  paiu  was  perceived.  Barou  Humboldt 
relatoa  that  fur  several  hours  nfter  his  exporinieut  be 
ked  Uke  a  soldier  who  had  been  flo^gwl.  U'  the 
n  of  a  feeble  continuous  currrent  be  kept  up  for 
hours,  destruction  of  the  skin  and  the  subjaoeiit 
stnieturvs  will  Iw  produced  ;  if  a  powerful  pile  bo 
uted,  the  destruction  will  lake  plncv  very  rapidly, 
effect  is  always  more  striking  at  the  zinc  pole  of 
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a  single  pair,  as  by  the  action  of  the  current  the 
saline  fluids  effused  on  the  surfaces  of  the  blisters 
are  decomposed,  sodium  being  liberated  at  the  silver 
surfaces,  and  chlorine  being  evolved  at  the  zinc  plate, 
thus  forming  chloride  of  zinc,  the  escharotic  action 
of  which  produces  ulceration  of  the  tissues.  On  the 
silver  plate  sodium  is  set  free,  which  by  oxidation 
rapidly  becomes  soda.  Proceeding  from  these  facts, 
Dr.  Golding  Bird  has  recommended  the  action  of  the 
zinc  pole  for  establishing  an  electric  moxa  in  cases 
where  we  may  msh  to  induce  a  persistent  discharge 
from  some  part  of  the  body ;  the  opposite  action  of 
the  silver  plate  has  been  used  by  Mr.  Spencer  Wells  to 
favour  a  rapid  healing  of  torpid  ulcers- 
According  to  Remak,  the  two  poles  of  the  contin- 
uous current  applied  by  moistened  conductora  differ 
as  folloivs  :  the  positive  pole  relaxes  the  blood-vessels 
and  reddens  the  skin,  while  the  negative  pole,  after 
a  continuous  application  of  from  five  to  ten  minutes, 
produces  the  opposite  effect.  On  the  positive  pole 
there  is  moreover  a  depression  of  the  skin,  while  on 
the  negative  one,  a  swelling  of  the  epidermis  and 
corium  is  produced. 

If  an  induced  current  of  some  intensity  be  applied 
to  the  skin,  three  effects  are  produced;  viz.  pain, 
contraction  of  the  muscidar  layer  of  the  skin,  and 
changes  in  the  diameter  of  the  blood-vessels.  The 
effect  is  much  greater  if  the  skin  be  diy  than  if  it  be 
moistened  ;  for,  if  it  be  moist,  the  largest  portion  of 
the  electricity  passes  off  into  the  deejier  structures ; 
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while,  if  it  be  dry,  the  resistance  to  the  passage  of 
the  electricity  is  very  considerable,  and  the  skin  it- 
self receives  almc^t  the  whole  of  it.  If  the  current, 
however,  be  powerful,  aud  the  shin  delicate,  both  the 
skill  and  the  deeper  tissues  will  be  equally  affected. 

The  effecte  of  Taradisation  on  the  blood-vessels 
of  the  skin  have  been  studied  microscopically  by 
Weber,*  Max  Schultze,t  KoUiker.J  and  Pfliiger.J 
They  all  agree  that,  at  first,  there  is  contraction,  and 
afterwards  dilatation  of  the  smallest  vessels  of  the 
skin.  This  fact  may  be  easily  shown  clinically  by 
applying  a  fine  wire-brusU  to  the  skia.  We  then  see, 
at  first,  ancemia  produced  by  spasmodic  contraction 
of  the  capillaries,  which  ia,  after  a  time,  succeeded  by 
considerable  erythema,  owing  to  enlargement  of  the 
vessels ;  and  if  the  tension  of  the  cmrent  is  very 
high,  circumscribed  wheals  ai-e  produced,  as  after  the 
application  of  frictional  electricity.  This  is  espe- 
cially remarkable  if  the  current  be  applied  by  means 
of  fine  metallic  wires.  The  erytbema  is  more  easily 
produced  in  women  and  in  persons  whose  skiu  is 
delicate  ;  it  is  more  marked  at  the  negative  than  at 
the  positive  pole.  An  increase  of  temperature  in  the 
skin  also  takes  place,  as  shown  by  the  thermometer ; 
and  this  increase  of  heat  may  continue  for  a  consider- 
able time  after  the  applicatiou. 

By  the  action  of  electricity  on  the  contractile  fibre- 

•  Miilleri.  Aivhiv,  1847,  p.  232. 

t  De  artiTiarum  slru^turu.     Grvphiai",  1849, 

I   PragLT  ViLTti'ljulirschrift.  1849,     BJ.  vi.  Hvft  I. 

S  AUijimeine  m«diz.  Cantralzoitung,  ISSd.     Vul.  xiv.     August. 
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cells  of  the  sbio,  catifl  anserina  is  produced ;  and 
KoUiker  has  observed  this  phenomenon  on  a  piece  of 
skin  taken  from  the  thigh  of  a  criminal  who  bad 
been  execnted  a  short  time  before. 

The  contractions  of  the  fibre-cells  axe  moat  power- 
ful in  the  tunica  dartos  and  the  nipple;  the  latter 
rapidly  becomes  erect,  and  remains  so  for  a  long  time 
after  the  cessation  of  the  carreat.  The  fibre-cells  of 
the  hair-roots  can  also  be  excited  by  Faradisation ; 
and  if  a  ciurent  be  applied  to  such  parta  of  the  skin 
aa  are  covered  with  hair,  the  latter  becomes  more  or 
less  erect. 

XII.— ACTION  OF  THE  ELECTRIC  CURRENT  UPON 
THE  BONES. 

If  an  induced  current  is  applied,  by  means  of 
moistened  conductors,  to  bones  which  lie  closely 
beneath  the  skin,  such  as  the  frontal  bone  or  the  tibiEi, 
a  peculiarly  unpleasant  sensation  is  perceived,  in 
consequence  of  the  irritation  of  the  sentient  nerves  of 
the  periosteum.  It  is  probable  that,  by  applying 
electricity  directly  to  the  periosteum  and  the  bones, 
a  greater  quantity  of  blood  may  be  attracted  to  these 
parts ;  but  direct  observations  on  this  point  are  now 
wanting.  The  continuous  current  does  not  produce 
thJH  particularly  disagreeable  sensation  when  applied 
to  the  surface  of  bones. 
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MEDICAL  ELECTSIC  APPARATUS,  AND  METHODS 
OF  APPLYING  ELECTRICITY. 

In  thifl  chapter  I  shall  describe  the  electrical  ma- 
chines which  maj  be  used  for  therapeutical  pur- 
poses, and  the  methods  in  which  the  different  forms 
of  electricity  have  been,  and  are  to  be,  medically 
apphed.  I  shall  speak  at  first  of  Electrisation,  or 
the  medical  application  of  static  electricity :  after 
which  I  shall  consider  OalvanUation,  or  the  applica- 
tion of  the  continuous  current  of  galvanic  electri- 
city; and  at  last  Faradisation,  or  the  method  of 
applying  induction  currents.  The  term '  Faradisation ' 
has  been  proposed  by  Ducbenne  in  order  to  honour 
the  name  of  Faraday,  who  discovered  both  the  electro- 
magnetic and  the  magneto-electric  current ;  and 
Duchenne's  proposal  lias  been  generally  adopted,  both 
in  Europe  and  America. 

First  principles  of  Application. — Benedict  *  has  put 
it  down  as  a  general  principle  that,  in  using  elec- 
tricity or  galvanism,  care  should  be  taken  to  apply 
it  to  the  seat  of  disease ;  and,  if  this  should  be  itn- 

•  ElBctrothcrapie,  Wicn,  I86S,  p.  73. 
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practicable,  to  direct  it  rather  to  a  more  central  than 
to  a  more  peripheral  part  of  the  body.  Although  I 
agree  in  the  main  with  Benedict's  proposition,  I 
think  it  reqtiires  to  be  so  far  modified  that,  in  a  con- 
siderable number  of  ca«eB,  there  should  be  not  only 
an  application  of  electricity  to  the  seat  of  the  disease, 
and  which  I  term  the  radical  application,  but  that  the 
a^ent  should  also  be  directed  to  those  more  remote 
parts  in  which  the  symptoms  are  manifested,  that  is, 
the  symptomatic  applicatvm.  Thus,  for  instance,  in 
the  treatment  of  hemiplegia  of  the  left  side  of  the 
body,  the  only  allowable  application,  according  to 
Benedict's  principle,  would  be  to  direct  the  electri- 
city to  the  right  cerebral  hemisphere.  Now,  I  am 
convinced  that  this  is  an  effective  method  of  treat- 
ment, and  I  never  omit  to  use  it  in  such  cases,  un- 
less special  circumstances  should  appear  to  prohibit 
the  same  ;  but  I  am  equally  satisfied  that  the  pro- 
gress towards  recovery  is  far  more  rapid,  if  a  peri- 
pheral or  s3Tnptomatic  application  to  the  nerves  and 
muscles  of  the  paralysed  arm  and  leg  is  combined  with 
the  central  or  radical  application.  What  holds  good 
for  hemiplegia  applies  likewise  to  many  forms  of 
antesthesia,  hypertesthesia,  and  other  affections  of  the 
nervous  system,  which  wiU  be  considered  in  the  fifth 
chai>ter. 

(A)  Electetsation.  I.  History  of  it. — The  first 
who  applied  static  or  frictional  electricity  for  medical 
pui-poses  was  a  German  physician.  Dr.  C.  Eratzen- 
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stein,*  Professor  of  Medicine  at  the  University  of 
Halle,  who  cnred  a  patient  of  a  contraction  of  the 
little  finger,  by  sparks  draivn  from  the  ordinary  elec- 
trical machine  (1744).  He  also  relieved  another 
patient,  who  had  two  lame  fingers,  so  far  that  he 
could  again  play  on  the  harpsichord;  and  observed 
that  the  rate  of  pulsation  was  increased  by  the  ap- 
plication of  electricity.  In  1748,  M.  Jallabert,t  of 
Geneva,  published  a  treatise  on  the  efiecta  of  electri- 
city upon  the  living  body,  and  stated  that  tlie  phe- 
nomena generally  observed  after  the  application  of 
electricity  were  acceleration  of  the  pulse,  increase  of 
heat,  and  involuntary  contractions  produced  in  para-, 
lysed  muscles.  He  cured  a  locksmith,  aged  fifty- 
two,  wliose  right  arm  had  been  paralysed  by  a  blow 
froin  a  hammer,  within  three  months,  by  means  of 
sparks  and  shocks ;  but  it  is  stated  that  this  patient 
afterwards  relapsed  into  his  previous  condition. 
However,  M.  Sauvages,  of  Montpelier,  was,  hy  the 
report  of  this  case,  induced  to  employ  electricity  in  a 
number  of  paralytics. 

The  rei>ort  of  tlie  new  remedy  brought  together 
such  an  enormous  concourse  of  patients,  that  it  was 
impossible  to  electrify  them  all  sufficiently.  The 
neighbouring  populace,  indeed,  considered  the  cures 
which  were  made  due  to  witchcraft,  and  the  opera- 


•  Abluiidluitt  von  dcm  Nutzen  di-r  Elt-ctrioiliit  in  dor  Ariney-Wis- 
scDiH-biift.     ILiUe,  17-l.i, 

t  EiivrR-noPS  Bur  1' Elect ricit«,  uvcc  quelqu'^s  conjeclurus.  Pariii. 
1743. 
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tors  were  obliged  to  have  recourse  to  the  priests  to 
undeceive  them.* 

A  few  years  later.  Dr.  Bohadtch,  a  Bohemian, 
eommonicated  a  treatise  on  medical  electricity  to 
the  Bojal  Society,  in  which  he  contended  that,  of  all 
diseases,  hemiplegia  was  most  succeasfnlly  treated  by 
electricity.  In  17S7,  Mr.  Patrick  Brydone  cared  a 
hyeterical  woman  in  three  days  of  general  pBralysis. 
This  patient  was  thirty-three  years  of  a^,  and  had 
been  paralysed  for  two  years.  Dr.  Watson  eacceeded 
in  restoring  to  health  a  girl,  aged  seven,  who  had 
for  some  time  been  in  a  state  of  complete  mnscnlar 
rigidity  and  conseqnent  immobility.  Dr.  Edward 
Spry  recorded  the  cure,  by  the  same  means,  of  a  girl, 
aged  eighteen,  of  lockjaw  and  paralysis.  On  the 
other  hand,  cases  were  not  wanting  in  which  the 
remedy,  being  promiscuously  and  often  injudiciously 
employed,  did  no  good  whatever,  or  even  barm. 
Thus,  the  Abbe  Nollet  was  honest  enough  to  confess 
that,  during  a  practice  of  fifteen  or  sixteen  years,  he 
had  in  no  case  produced  any  permanent  good  effects. 
Dr.  Hart,  of  Shrewsbury,  completely  paralysed  a  girl 
who  was  submitted  to  the  treatment ;  and  the  pata^ 
lysis  was  only  removed  by  the  use  of  proper  medi- 
cines. The  Abb4  Mazeas  caused  epileptic  fits  in  a 
person  subject  to  that  disorder,  by  the  application  of 
electricity;  and  Franklin,  to  whom  a  great  many 
paralytica  resorted  from  all  parts  of  Pennsylvania, 

•  On  the  History  und  PreBent  Stato  of  Electricity,  tj  Joseph  Prieetlj, 
Snl  oclition.  Two  vole.  London,  1775.— S«e  sUo  a  pappr  on  tliia  Bub- 
ject  by  Mr.  DonoTou,  io  Dublin  Qnartcrl;  Joumsl,  1846-47. 
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found  tlittt,  ill  no  ciiee  treatod  by  him,  any  permaneut 
good  was  vflV'Ctvd.  Uc  thongbt,  liowerer,  that  more 
odvKDtAge  might  have  been  obtained  &oin  theol^ctric 
trcatuivnt,  hnd  it  been  accompanied  with  proper 
medicines  and  regimen,  under  tbo  direction  of  a 
skilful  phyaiciun. 

In  177d.  M.  Munduit  gare  a  highly  &,i'ourable  ne- 
oount  on  the  cnratire  effects  of  electricity  before  tho 
ii4t£  Royale  de  M^ecitie,  at  Paris ;  and  it  waa 
eblefly  in  consequence  of  this  report  that  the  appli- 
cation of  electricity  to  rarioiu  discUM  became  for 
some  time  fiuUionable  in  tliu  medical  world.  Accord- 
to  Mandnit  electricity  is  an  exciting  remedy;  it 
biereaxes  tlie  vital  powers,  swells  those-  puii»  of  the 
body  which  are  touched  by  it ;  and  oicitcs  pentpira- 
tion  and  even  salivation,  which  frequently  become 
iTCry  abundartt  if  the  electricity  employed  ifl  of  high 
teasion.  By  applying  electricity  to  patient«,  obstinate 
ptins  are  relieved,  the  normal  heat  is  restored  to 
'iparta  which  have  been  cold  for  years;  patient*  snf- 
tining  from  coMtiveness  expi-ricnce  abundant  evacua- 
tions :  moscnlai-  atrophy,  aKlema,  paralyiiut  arc  cured, 
and  tranquillity  and  tilvep  follow  the  application  of 
electricity.  The  poise  at  the  ivrist  is  strengthened  by 
poaitiTeelcctricity,  and  retarded  by  negative  i-Icctricity. 

EA  few  yean  later  Oivallo  collects]  a  number  of 
Dbaerrationa  in  his  ceaay  on  the  tb«ory  and  practice 
of  medical  electricity.  He  recommended  the  ase  of 
the  electrical  machine  in  poralysis,  deficiency  of 
vision.  deufiie^B,  chorea,  epilepsy,  and  for  rescniDg 
per»on«  from  apparent  deatli.     In  1802,  H.  Si^ud 
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il<i  la  Fonri  published  a  tjrc«tiit«  on  tlio  ^iirne  stilrject, 
in  whicli  be  elaborately  describctl  the  ilifrorx.-nt  me- 
thods to  be  employed  in  tho  use  of  electricitj,  uxl 
which  are,  the  electric  bath,  drawing  sparks,  irrom- 
tioii,  friction,  intiufniition,  exhaustion,  »nd  commo* 
lion.  If  we  were  to  believe  M.  Sigaml  de  la  Fond^ 
tliorc  is  Bcnrcely  a  disease  known  in  itathology  that 
would  resist  the  u»c  of  electricity. 

After  tho  diBt-ovttrj:  of  the  voltaic  pile  (tSflO),  and 
i>epeciuUy  after  thut  of  induction  eurrcnts  (IH31),  the 
niedJcat  use  of  frictional  electricity  has  been  more  or 
less  abandoned ;  and  it  is  only  in  the  electricity  room 
ur  Guy's  HospitiJ,  under  the  superintendence  of  Drs. 
Uolding  Bird  and  Gull,  that  tberapenticat  experi- 
menta  on  a  lar^  scale  have  been  nnderlaken  with  it. 
More  recently  static  electricity  again  found  a  staunch 
adrocate  in  Dr.  Clemens,  of  Frankfort^  who  liait  nn- 
dertaken  the  irksome  task  of  cnrin;;  nearly  all  dis- 
eaaaa  which  exist  by  moans  of  it;  hot,  g«nei-ally 
s]>eaking,  the  ordinary  frictional  electricity  may  be 
said  to  have  diflappeared  from  nwdical  practioo. 
This  is  especially  due  to  tho  circumstance  that  a 
clumsy  apparatus  is  required  for  ita  use ;  that  tho 
weather  luis  a  very  considerable  infiuence  on  tbo 
activity  of  the  nmchiuc ;  that  the  dose  of  electricity 
to  be  adminititi'rud  cannot  be  exactly  regulated,  and 
that  by  frictional  electricity  we  are  obliged  to  act 
indiitcriniinntcly  upon  the  diJTerent  tissues,  without 
bi'iii^  able  to  localise  the  stimulns  in  those  porta 
which  require  it. 
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L-MtTIIODS  OF  APPLYt^'G  STATIC  ELECTIUCITY. 

Tbe  prifii-'ipiil  mothods  of  applying  static  electri? 
city,  whicli  ai-u  even  at  the  present  time  now  anil 
then  used,  are  tlie  electric  bath,  ol«<!trisatioii  by 
sparks,  nnd  shocks  from  the  Lcyden  jar. 

As  to  the  form  of  thu  macliiue,  it  waiters  little 
whether  a  glass  cylinder  or  a  glass  plate  be  euiplored. 
Aft  a  cariosity  it  may  be  mentioned  tliat,  in  the  last 
eatnrj-  Signer  Pirati,  *  of  Venice,  osed  in  his  ma- 
les glass  cylinders  lulled  v.'ith  Poniviuri  bnlsnm 
Tkrioug  otlicr  intNlicinos ;  and  Dr.  Giuseppe 
Bnmi  but  even  recorded  a  case,  in  ivhich  he  employed 
a  cj'linder  filled  with  pnrgatire  subatanoes,  and  the 
p«tient,  afWr  having  been  electrified,  is  Raid  to  have 
^experienced  the  same  eCTectB  as  if  be  had  swnllowod 
dnig. 
1.  Tlu  EUftric  Bath.— Tite  elccl4x>-i>ositiro  bath  is 
said  to  uicrowto  the  vital  forces,  the  olectro-negative 
}Mh  to  diminish  them.  If  an  t.Uttrf>-j)o*ilirv  bath  is 
to  be  given,  the  electricity  accumalated  upon  the  glass 
slate  is  collected,  care  being  taken  that  the  negative 
ilcctricity,  which  the  cushions  or  rubbers  ac^juire 
fHctiuit,  be  lost  in  proiwrtioii  as  it  is  liberated. 
eforc  the  cushions,  between  which  the  plate  or 
ejiindi-r  is  turned,  must  coDimunicate  with  the 
nund  by  niouos  of  a  metallic  chain  connecUKl  with 
Jie   cushions.     Tbe   machine   being   in  action,  the 
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[Mtieat  is  placed  apon  au  insulatuig  stool  ani  takei 
hold  of  tbc  prime  conductor  of  tite  nmchmu.  The 
whole  stkdboc  of  the  body  of  tlio  puticat  thus  becomes 
chttrgL'd  witli  positive  electricity,  while  the  air  sur- 
rounding it  is  n-ndorL'd  nogatJTtf.  If  the  electric  bath 
be  given  in  a  dark  rootD,  totninoas  appearances  are 
produced  by  the  eaape  of  electricity  into  the  air, 
especially  about  the  hair  and  the  eyelashes.  It  ts 
said  thut  during  the  discharge,  heat  is  evolved,  circu- 
ktion  ifi  quickened,  andthcsecrctionSjCspecially  per- 
spiration, hecomo  moro  active ;  but  it  is  very  doubt- 
ful if  these  be  constant  physiological  effects  pro* 
duced  by  tlie  electric  bath ;  probably  tliey  are  merely 
cnii«^  by  the  excited  inmginiition  of  the  patient. 
Til.'  electric  bath  has  been  much  recommended  in 
certain  affections  in  which  the  functions  of  the  skiu 
and  of  the  mucous  membranes  are  deficient;  and  the 
patient  ought  to  sit  in  it  for  about  three  hours  a 
day. 

If  an  Ettxtro^niffoiitt  bath  is  to  be  given,  the  nega- 
tive electricity  acquired  by  the  cushions  la  coDccted, 
and  tlie  positive  electricity  accumulated  upMi  the 
glass  plate  dispersed  in  proportion  as  it  is  liberated. 
The  cusliions  must  therefore  be  iiiRulatcd  by  means 
of  glatts  suptwrtH,  and  the  conductor  t)|>on  which 
positive  electricity  is  liberated  unixt  bn  mu^le  to  com- 
municate with  Uio  ground  by  means  of  a  chain,  ^le 
electro-negative  bath  is  said  to  have  a  weakening 
effect,  viz,  to  reduce  the  natural  electricity  of  the 
patieot,  so  that  the  body  is  left  without  its  natural 
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stliaalti!* ;  it,  tlicrefon*,  U  said  to  act  lik«  blood-lci- 
tui(r.  aii<3  tLu  pukti  ut  Ute  wmt  is  tlicroW  returdod. 
It  has  been  recomtnunded  for  crydpelaa  and  chronic 
inflommationa  of  u'Tor;  kind ;  more  cBpecially  for  bead- 
mIm  ftud  liifiereut  forma  of  nearalgia ;  but  it  appeiara 
Mrtmnelv  doubtful  if  any  constant  pM-siotogical  or 
tberap«ut4cal  effecta  follow  tlie  use  of  the  el^ctro- 
aeijktiTe  bath. 

2.  Elrttfijintion  by  Syirkt. — If  a  patient  is  aittins 
in  an  eluctric  bath,  and  tJie  liand  of  the  operator  \a 
brcMtght  aufficieatly  near  the  patient's  body,  it  be«omea 
nogfttive ;  and  tlie  negative  electi-ieity  ooinbiiies  witli 
the  posiilive  electricity  of  the  patient's  body,  where* 
by  a  vivid  iliuli  uf  li^^ht  is  produced,  together  with 
ft  peculiar  snapping  noise,  which  forms  the  electric 
■park.  Sparks  nmy  also  be  drawn  from  the  body  by 
approaching  metallic  oonducton  to  any  part  of  it. 
Tb««e  sparks  produce  a  sharji  pricking,  or  pungent 
tsoaation,  at  the  point*  touched ;  and  if  the  proceed- 
ing be  cootaaued  fora  certain  time,  the  slcin  becomes 
reddened,  and  wliit«  circumscribed  vrheala  are  pro* 
duced.  This  eruption  is  more  perceptible  in  persona 
witlt  a  delicate  skin  ;  the  time  necettsarr  for  its  pro- 
ion  Titrics  in  different  people  fVow  Bvo  to  ton 
minutes ;  it  generally  disupponrs  within  an  hour 
from  it«  production.  In  thu  electricity  room  of  Gnj's 
Hospital  sparks  an>  uauully  taken  from  the  spine  in 
the  following  way :  a  brass  ball,  attached  to  a  wire  or 
oliain,  in  connection  with  the  groimd,  is  pasHcd  up 
ttDd  down  in  the  direction  of  the  spinu  at  a  distance 
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of  ftbont  an  inch  from  the  tnirfoce.  The  machine  being 
pat  in  action  and  the  patient  placed  on  an  insolating 
stool,  he  bciioinea  charged  with  vlectricity;  sparks 
tbcreror«  pnaa  to  the  brass  boll,  and  thence  C9cn]>e 
through  the  wire  or  chain  to  tlie  ground.  In  thi« 
inniintT  a  rapid  8ticc«ssion  of  siwrks  can  be  obtained 
which  act  like  instaiitiuiiKitu  cloctric  curn-nt^.  Ca- 
ralki  has  recommundcd  the  dnivruig  of  L'lcctric  sparks 
through  flannel ;  the  patient  )nt«  on  the  infltUatin^ 
stool,  aa  nstial,  and  takcB  hc^d  of  the  prime  condnctor 
uf  the  Diachiiie;  a  piece  of  flannel  w  plac«(l  over  the 
part  which  is  to  be  electrified,  and  the  knob  of  aa 
insulated  conductor  pluccd  in  close  ctmtoct  with  the 
flaunel,  and  moved  steadily  down  the  part  affected, 
BO  OS  to  draw  a  large  number  of  small  sparks  in  the 
direction  of  the  ramifications  of  the  ncrres.  If  sparks 
succeed  each  other  rapidly,  they  may  prodace  Blight 
vibrations  in  such  muscles  as  are  close  under  the 
skiu.  Electrisation  by  sparks  baa  been  much  used 
for  paralysis,  chorea,  and  other  affections  of  the 
aerrous  systoiu  ;  OJid  it«  effects  in  certain  spasmodic 
disorders  and  some  fi>rms  of  amenorrhoen  are  decid- 
edly useful. 

3.  TA«  Lvj/dm  Jar. — This  instrument  yields  n 
rather  large  quantity  of  electricity  accumulated  under 
a  small  surface.  To  charge  the  jar,  it  is  held  in  tlie 
hand  by  its  outer  coating,  and  the  knob  which  com- 
municates n-itb  the  inner  coating  is  presented  to  tbe 
ctmdiictor  of  the  flectrioal  mo^^bine  while  in  action. 
Tims,  the  inner  coating  of  the  jar  receives  poutiTO 
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electricitj  fktm  Uie  macltine,  vhUe  negative  electri- 
city is  aMumulated  on  the  out«r  eoatmg ;  and  if  a 
conunuuicution  be  cstablishod  betveen  the  two  coat- 
ings, neatrolisation  takes  place  between  the  two  con- 
trarv  electricities.  If  the  jar  be  dischargetl  through 
the  huiimu  body,  a  violent,  sudden,  and  piiinful 
WOtation,  the  rUrlric  $Kock,  la  perceived,  the  force 
of  which  is  pro|>oH  ional  to  tlie  anm  of  the  metallic 
coaliu);  lind  to  the  iuU.*nsity  of  the  charge.  Such  a 
8hock  may  be  tiansinittt'd  through  a  number  of 
penons  forming  a  chain ;  the  first  taking  hold  of  the 
jar  by  ita  out«r  coating,  the  last  touching  it  by  the 
knoK  If  several  jars  are  combined  t<i  form  battericfl 
^and  diseharged  through  the  body,  the  conciuiBion 
be  00  strong  that  the  whole  body  is  affected  by 
it  oa  if  struck  by  lightning.  If  the  discharge  takes 
place  through  tlie  arms,  the  shock  tH  felt  chiefly  in 
tht'  wrists,  elbows,  and  ucroiM  the  cheat. 
If  it  is  intended  to  apply  the  Leyden  jar  to  any 
jcular  part  of  the  body,  a  conductor  with  two 
itebes  is  generally  used,  which  oommunicatea  by 
one  of  its  branches  with  the  inner  coating  of  the  jar, 
while  the  other  branch  is  approttcbcd  to  the  snr&oe 
"  the  part  which  is  to  bu  operated  upon.  The  outer 
'coating  of  the  jar  is  then  held  to  the  opposite  surface 
of  the  part,  whereby  a  spark  is  prodnccd,  and  the 
neutral  isatAon  of  the  two  contrary  electricities  takes 
jiiace  through  the  part  of  the  body  interposed  be- 
»een  the  conductor  and  the  outer  coating  of  the  jar. 
In  Guy's  Hospital  shocks  Irom  the  Leyden  jar  are 
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es^kecially  utuployod  in  tlio  trcat'inent  of  aiuoiiorHia>a ; 
iu  such  cases  it  is  discharged  through  the  pelria. 

M.  B«ckenBti^iiier*  has  reooiomontled  to  *  auliiia- 
Uee '  static  ulcvtricity  through  tbt;  intorpotidon  of 
the  body  of  the  operator,  hufore  applying  it  to  a 
patieut;  and  is  of  opinion  that  the  Pacinian  cor- 
pusclos  play  a  coiiaidei'able  part  in  thb  aninialisatiou 
of  electricity  !  The  operator  touches  the  couductor 
of  the  machine  with  one  hand,  oud  nibs  or  shampoos 
the  patient  with  the  other ;  tu  some  cases  it  is  eren 
found  sufficient  to  mahe  Gimplc  piLMfs,  without  touch- 
ing the  patient  at  all ;  which  must  produce  extra- 
ordinary effects  on  the  imagUiation  of  persons  wiUing 
to  believe  in  tiniiuoUsed  electricity.  M.  Beckeiisteinor 
baa  likewise  a  theory  of  his  own  on  the  indoence  of 
different  Donductiiig  bodioH  upon  the  caratire  effects 
of  the  electricity,  vix.  that  the  metals  become  *ethc- 
rcalised'  by  the  electricity  which  i>as9e.s  through 
thvui.  Ho  believes  that  conductors  of  gold,  silver, 
iron,  antimouy,  zinc,  tin  and  lead,  have  all  a  special 
action  of  their  own  on  the  body,  indcpendontly  of 
the  electricity  they  convey ;  bnt  that  conductors  of 
gold  are,  on  the  whole,  the  best.  lie  also  thinks 
that  he  is  able,  by  means  of  static  electricity, 
introduce  iodine,  valeiiaii,  nioschus,  and  assafujti 
into  the  btmian  sj-stvm.  Electrical  mysticism  has  at 
all  times  found  devoted  adherents,  and  it  is  said  that 
M.  Beckensteiuer's  theories  are  acted  upon  at  Pftris, 
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Loadon,  and  Bome;  if  so>  they  will  not  do  mach 
barm. 

A  more  important  attempt  to  re-introduce  static 
electricity  into  medical  practice  has  been  made  by 
ProfeBBor  Scbwanda,  of  Vienna.*  He  does  not  use 
the  old-&sliioned  friction  apparatus,  but  Holtz's  elec- 
tarophoms  machine  (p.  14),  and  has  found  that  the 
electricity  yielded  by  it  has  the  same  effects  in  para- 
lytic conditions  as  the  induced  current ;  that  in  anses- 
theaia  of  the  skin  it  acts  much  more  powerfully  than 
either  the  continuovis  or  the  induced  current;  and 
that  in  passive  hypersemia  and  swelling  of  the  skin 
the  best  results  are  obtained.  Moreover  the  air  is 
rapidly  ozonised  by  means  of  it,  and  this  alone  may 
possibly  be  of  use  in  certain  pathological  conditions. 
General  efifects  of  the  application  are  increased  heat 
and  perspiration,  and  improved  appetite.  Professor 
Schwanda  has  recorded  several  eases  of  nervous  affec- 
tions which  were  improved  or  cured  by  the  use  of 
the  electrophorus  machine,  which  would,  therefore, 
appear  to  be  an  important  addition  to  the  electrical 
inatrumentarium. 

(B)-  Galvanisation.  I.  Higtory  of  it. — Galvanism 
was  discovered  in  1786,  and  made  known  in  1791. 
Its  medical  application  was  soon  afterwards  (1792) 
recommended  by  Dra.  Behrend  and  Creve  for  distin- 
guishing real  death  from  apparent  death  or  trance, 

*  Mrdicini^cho     Jnhrbucher,    IBG8,    Hpft    3;    and    Foggrcdorff 
Annslm.  tul.  cuxiii.  p.  126. 
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Sovmmering  proposed  that,  in  sucb  instsucea.  tlie 
galvaaic  current  alioiild  be  applieil  to  tLe  neigltbour- 
hood  of  the  phrenic  nerve.  Vnlli  8ocoe«(led  ii)  w- 
nving,  by  the  giilvanie  shock,  frugs  which  hud  Imwq 
all  hut  suffomti^  in  vt>ssels  filled  with  hjdrogen. 
and  fowls  which  had  been  neorlj'  drowned.  Uufelaod* 
Pfittf,  Reil,  Baron  Humboldt,  and  other  German 
philosophers  and  physiciiuii)  sti-oiigly  recommended 
the  uso  ofgnlvanLsm  for  the  cure  ofdisMisie.  witlioat, 
howi>Ter,  liaring  employed  it  tbeuisclrcs  in  medical 
practice. 

The  first  therapeutical  experiments  on  pAtient« 
were  made  at  the  Universiity  Hospital  of  Jpna,  with 
the  current  of  a  Kinglo  jar,  tinder  the  superviition  of 
ProfesHor  I^er,  without  any  appreciable  result.  Bat, 
after  the  discovery  of  the  voltaic  pile  (1800),  experi- 
ments of  this  kind  were  ^aiu  commenced  br  Vra, 
Bisclioff  and  Liechteiiotein,  who  have  recordwl  tliw 
care  of  two  cases  of  amaurosis  and  the  nmoliomtjoii 
of  a  cose  of  hemiplegia.  Tlie  first  s\-st«ii)atical  trea- 
tise published  on  tho  remedial  powers  of  galraiiinn 
Id  li-oni  the  pfu  of  Dr.  Orai^ngieaser,  of  Berlin  (1801). 
He  recommended  the  nsc  of  it  in  deficiency  of 
vision  and  atnnarosts,  in  dcnfness,  certain  paralytic 
conditions,  aphonia,  tumor  albui),  rheumatism,  and 
sciatica.  In  pulsies  he  applied  the  direct  current, 
and  placed  the  positive  pole  on  the  trunk  of  tbe 
nerve,  and  the  negative  pole  lower  down ;  or  he  UBe<l 
basins  filled  with  water,  in  which  the  polos,  and  the 
feet  or  hands  of  the  patient,  were  inimcned.     In  all 
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other  (lucoMS  he  aiipliod  galvanUm  after  haviag 
vesicated  the  skin  l>jr  rucana  of  blisters,  io  order  to 
diminish  the  reaistAnce  to  the  passage  of  the  ciirreut. 
A  few  }-ears  later,  Drs.  Jacobi  and  Augustiii  pub- 
lished treatiaes  on  galraiiisnt  as  a  reDiodial  agent, 
and  rccouiineiideit  to  moisten  those  purls  of  tlie  nkin 
to  vriiioli  tIiL>  fItMt.rudes  were  to  bv  api>Iied,  in  order 
to  diminish  the  resistance  to  the  passucfe  of  the  car- 
rent.  The  most  celebrated  of  the  earlf  treatises  on 
medical  gnlvaiitsm  is,  however,  b}-  Galvoiii's  pupil, 
Aldiiii,  of  Bologna^*  who  reoommended  tho  ni-w  n.'- 
medy  for  dismuds  of  the  organs  of  ttpc'ciiU  sense 
and  for  diHorders  of  the  mind.  Indeed,  the  phvsicol, 
chemical,  and  pbj'siologiiml  properties  of  galvanism, 
OS  they  became  sucocssirely  known  in  the  course  of 
time,  uxcited  tho  imagination  of  physicians  and  lay- 
men in  an  equally  powerful  manner ;  and  it  was  con- 
elnded  that  so  marvellous  au  agent  must  needs  pos- 
ies wonderful  curative  effects.  It  ia  difficult,  at.  th4< 
l^^jiresent  time,  to  imagine  the  enthusiasm,  bordering 
i  on  intoxication,  for  the  uewly-disoovered  remedial 
Kigent,  which  reigned  in  the  commencement  of  the 
I  jiresenb  century,  and  the  unbounded  expectations 
which  were  entertained  as  to  its  therapeutical  value. 
It  wae  not  only  recommended  and  used  for  almost  all 
diseases  which  exist,  but  was  also  believed  to  be  able 
to  rescue  from  death  persons  who  had  Just  been 
.hanged  or  drowned. 

Of  the  physiological  action  of  the  galvanic  current 


'  Emw  lbMti)De  ot  npMtnonUl  tar  I*  Gftlr*nttin#.     Full,  IMI. 
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upoQ  the  lUfferent  tissnos  of  tlie  human  bodr  vetj 
little  was  known.  The  voltaic  pile  vraa  indiacrimi- 
nutvily  and  u^udicioualy  applied,  eveu  for  each  disease* 
tn  which  it  must  bare  dose  harm;  moreover,  tlie 
power  of  this  uppanitae  is,  for  reasons  which  have 
already  been  given  (p.  SI),  rer}*  variable,  and  after  a 
certain  time  entirely  disappeam,  to  that  th«re  was 
sometimes  no  current  at  all,  while  at  otlicrs  there 
waa  either  a  weak  or  a  vety  strons;  current,  and.  by 
the  use  of  the  latter,  accidentu  of  a  serions  character, 
mch  aa  fainting  fits,  blindness,  etc.,  were  prodoeed. 
Moreover,  it  vroB  found  very  troublesome  aud  eicpen- 
sivo  to  maintain  the  pile  in  any  state  of  efficiency  t 
Mod  it  is  therefore  no  matter  of  surprise  that  the 
confidence  in  the  cnrative  powers  of  galvanism  was 
«oon  thoroughly  shaken,  and  the  voltaic  pile  ranged 
together  with  talismans,  amulet«,  animal  magnetism, 
and  mesmerism,  amongst  the  cuntivo  tniasares  of 
eharlatans. 

Further  physical  and  physiol<^cal  discovcnes  on 
the  nature  and  properties  of  galvanism  were  evidently 
neceMoiy  before  it  could  be  employed  with  a  (ait 
chance  of  soocew  in  the  treatment  of  diseaae.  It 
was  in  Italy  that  thirty  years  aft«rwanls  tlio  physio- 
logicaJ  part  of  the  subject  was  more  thoroughly 
investigated,  especially  by  Nobili,  Mariauini,  and 
HJatt«ucci;  wliile  Beo(|uerel  in  Frnnoe,  Danioll  and 
Grove  in  England,  and  Btiiiscn  in  Germany,  invent«d 
galvanic  batterie*  which  furnished  a  much  more 
constant  current^  and  one,  therefore,  more  applicable 
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for  medical  purposes  than  that  jrielded  bj  the  original 
roltaic  pile. 

In  1835,  SurlaadiilTC,*  who  liad  much  experience 
«jf  the  beneficial  effects  of  acupiinctupe  in  cerUiin 
diaeattes,  i-ecoiniuenile'l  to  combine  the  appltetkiioa 
of  electricity  with  acnpnnctore  (electr»-puncttii«). 
Sarlandii^ru  is  g«nvnUly  mentioned  m  the  inventor 
of  tjatvatuh^tunrlure,  but  it  appears  from  his  work 
that  be  nwjd  only  frictional  uk-ctricity,  and  not  gal- 
r&nism.  Qolvano-puncture  was  probably  first  atted 
by  Fftbr^Palnpnit,!  who  translated  La  B«aume'st 
unreliable  treatise,  and  »dde<1  to  it  fiiutastio  dognian 
of  hiti  owD.  A  more  scientific  use  of  galvanism  was 
mode  by  Magondie,  who  &ou.  1830  to  1840  used  this 
agent  in  many  cases  with  considerable  success,  chiefly 
by  means  of  galTono-pnnrtnre.  I>uriiig  the  next 
tirenl}-  years  it  was  more  the  surgical  than  the  medi- 
cal application  of  galvanism  whieb  was  studied  and 
practised.  Thna  G^nird  and  Pravat,  seeing  that  tbo 
blood  could  be  coagulated  by  the  gnlvnnic  current, 
{■oposed  to  utilise  this  discovery  for  the  cure  of 
uwurinns ;  Kr.  Liston  was  the  first  to  nae  galrano- 
puncture  in  a  cwn:  of  tliis  kind,  and  M.  C'iniselli  tbe 
flnrt  who  did  bo  Bnetwsofully.  It  bavins;  been  shown 
that  wireA  should  be  readily  rendered  incandescent 
by  Toltuic  electricit}-,  Steinheil,  Ur.  Marshall,  Prof. 

•  lUvoitta  nr  r^lwtro-pntiMvT'  maaiiUr^*  eommo  mnynn  noarMu 
•Ib  cnUar  eCbac'i>i«Bl  U  gouUn,  k*  rbua^InniM  M  lea  knttkn* 
Drrvn*M,  •!.  fUT  I'taiiiloi  iu  uaxn  jtifaDM*  m  FriU««.    Puil,  ISiS. 

t  Ihi  0«l<r>nUroo  applujoi  i  la  SUdednp.    FaHa,  1BS8. 

I  On  Golruiuni,  wiili  obmrvatiaai  (u>  il*  rhjrmknl  [wpnlla  mil 
■cdkal  eflMcUjr  ia  thranie  dimun.    I»uil(»,  1 1120. 
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Middeldnrffntid  M.  Ainussat  used  th«  galviinic  cautetr 
in  a  naiiib«r  of  surgical  diseases.  Pr^rost  and  Dumas, 
M.  Bonnet,  and  Dr.  Bence  Jonns,  sncceeded  in  de- 
ootDpoeing  uriiuuy  culculi  b}-  meatiH  of  galvanisDi, 
and  Mr.  Spencer  WkUs  appli>_'il  tlte  Biune  mgent  for 
promoting  the  growth  of  healthy  gimnulmtiotu  and 
the  cicatrisation  of  ulcers. 

To  Profeflitor  K«tiink,*  of  Berlin,  the  merit  is  due 
of  hunrii;  ngniu  directed  tlie  iitteution  of  the  profes- 
sion to  thu  use  of  the  continuous  current  in  nervous 
and  muscular  affections,  and  havtug  shovrn  that,  if 
properly  applied,  it  may  produce  beueBcial  effects  in 
diseaaes  of  the  nervous  ceutres  and  of  the  symputhetii- 
system  of  nerves.  The  singularly  objectionable  ttuui- 
nor  In  wliich  Remak  brought  forward  his  di§cov«ncB 
did  mooh  to  discredit  his  writings  and  damage  his 
reputation ;  but,  within  the  last  few  years,  a  great 
reaction  in  favour  of  RetnaJc  has  set  in,  and  many 
of  his  apparently  most  recklt-ss  assertions  liarc,  by 
accumulated  experience,  been  shown  to  be  correct. 
This  better  appreciation  of  HcihilIc's  discoveries,  and 
the  re-introduction  of  tbe  continuous  galvanic  cur- 
rent into  medical  practice,  has  been  .chiefty  due  to 
the  labours  of  M.  Betiedict,t  of  Vienna,  M.  Moritz 
Meycr,^  of  Berlin,  and  the  author  of  tbe  present 

*  Oa|riintrtliN«irio  itr  Kfrrm-  vad  XtiikelkntDUintm.  Bwlia. 
ISJH.  Anil  Ap^intiou  du  cuunnt  coiutant  lui  IntMcmo&C  da>  NetrOMa. 
Part*.  ISQA. 

1  Elwruihfopip.  Vinnna.  ISijS.  Aail  muttf  f-p*t*  bt  AaitrUn 
koJ  Opfiiiiiii  joumnls. 

I  Din  Kln-lricrtiii  in  ihrrr  Anwcudasg  tal  piwllfdic  Hollds.  M 
(diiloe     Berlin.  IMS. 
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treatise.*  The  anthor  haa  likewise  eaiieaTOured  to 
introduce  the  Bcientific  ase  of  the  electrolytic  effects 
of  the  continuous  galvanic  current  into  surgical 
practice.t 

IL— MEDICAIi  Al'PUCATION    OF   THE    CONTINUOUS 
•  GALV.VNIC  OUIIRENT. 

Under  thia  head  I  ehall  deacribe  both  the  appara- 
tns  and  the  methods  of  applying  galvanittm  in  those 
diseases  which  fall  within  the  province  of  the 
physician ;  while  the  galvanic  cautery  and  the 
electrolytic  treatment  of  surgical  diseases  will  be 
subsequently  considered. 

1.  halterieg  furnishing  a  Continuovs  Galvanic  Cur- 
rent.— I  consider  the  following  requisites  indispen- 
sable for  machines  of  thia  kind.  (1.)  They  should 
furnish  a  large  quantity  of  electricity.  (2.)  The 
current  should  not  be  subjected  to  any  considerable 
variations  within  a  certain  time  (say  one  or  two 
months).  (S.)  The  apparatus  should  be  handy  and 
fit  for  use  in  the  consulting  aud  sick  room  (acid 
vapours  being  particularly  objectionable),  (4.)  The 
Qtuuber  of  cells  should  be  considerable,  so  as  to 
allow  the  dose  of  electricity  to  be  giveu  in  an  indi- 
vidual case  to  be  exactly  adapted  to  the  nature  of 
the  malady  and  the  constitution  of  the  patient. 

•  On  tlie  Tiilue  of  Galviioism  and  Electro-Magnctium  in  Jlnlirine  nnd 
Hargery.  London.  1H6S :  nnil  inanj  pap«iii  in  the  Lani't^I,  Jli-tliuul 
Tini''S  uiid  Oiizetti-.  und  otLer  journaU, 

t  On  ihe  Klt'Otnilytiu  Treatment  of  Tumours  and  othpr  Sni^iral 
disi'BKes.    Londun,  lb67. 
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a,  Infontl'int  BtilttriiMi. — Tlie  origiiml  rolUiic  pile 
has  entirely-  disappvaivd  front  tiiodicii]  practice,  na  it  iSj 
not  only  Tery  troubleaomo  to  kiwp  ia  order,  but 
extremely  unreliable. 

A  new  modification  of  the  old  voltaic  pilt*  ban  lat«lj 
been  recommi-ndeJ  by  Professor  Hauiitioiid,*  of  New 
York.  In  tbix  instrumcut  the  copper  und  zincpbitCB 
lire  perforated,  and  soldered  together.  At  tlie  bot^ 
torn  of  the  pile  is  a  plate  of  bai-d  india-rubber,  upcm 
wliich  is  placed  a  juair  of  copper  and  zinc  with  a 
copper  wire  Holdcrcd  to  the  copper  plate ;  ujwn  thi* 
puir  is  laid  a  piece  of  flannel  or  nooUen  cloth,  eqiuU 
in  size  to  the  pair ;  then  follows  another  p«ir,  an* 
other  piece  of  flannel  aJid  bo  on.  The  pairs  are  so 
plocoil  tltat  the  copper  is  always  below.  Anotlier 
copper  wire  is  soldered  to  the  zinc  plate  of  the 
last  pair.  For  putting  the  machine  into  action 
strong  Tinegar  is  poured  upon  the  top ;  this  passes 
through  the  pairs  and  moistens  the  flannel ;  a  saucer 
uiiderueath  reoeireB  the  excess  of  the  rinegar.  On 
tbe  top  of  the  instmmetit  ore  two  other  plates  of 
india-rubber,  having  each  a  large  hole  in  the  centrei, 
luid  four  holes  for  an  equal  nutnbor  of  hard  india- 
mbber  rods,  by  which  th«  instrument  is  hung  to  an 
iron  or  brasa  support.  Insulated  wires  ore  used  to 
connect  the  poles  with  the  electrodes.  This  instm- 
mcnt  is  certninlj  better  than  the  original  voltaic  pile, 
bnt  far  inferior  to  the  constant  btLtteriea  of  Daniell, 
Grove,  Smee,  Biinsen,  and  Stohrer. 

*  Qaanarlf  Jvanal  til  hjrdialcgiMl  UedJdDc,  ole.    Jdj,   IMT. 
Vol.  i.  p.  S3. 
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'AaoUier  raodification  of  the  rdtatc  pile,  wbicli  wiis 
tnuch  u»e«l  some  time  figo.i8  Cruikthanii'ii  haUcry.  It 
biM  the  adrontogc  of  being  euuly  uiuuipii]at«d,  bat 
ita  current  a  trn  iuconstont  us  ttiut  of  tbe  roltaic  pile. 
It  consiets  of  plates  of  copper  aud  zinc,  wbicb  are 
arranged  in  vrooden  trouglis.  One  trough  generally 
CODtaiiia  lift}'  pair.i,  so  that  two  troughs  l\u-Disb  a 
nubei-  strong  currvnt.  To  excito  the  buttery,  water, 
calt  water,  or  acidulated  wutur,  is  used :  if  distilled 
water  be  employed,  the  chemical  action  is  vary  feeble; 
bat  with  acidotated  water  tbe  current  oAen  ottaitu 
a  oonsidei-able  degree  of  power. 

Crulkahaak'fl  batterv  was  a  decided  improvement 
on  the  original  pile,  but  has  now  been  completely 
Bupereeded  by  more  conreoient  and  reliable  iustru- 
tnents. 

WolUston's  battery  has  the  advantage   that  Uie 
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[Airt  of  copper  and  zinc  coii  be  easily  imtnerted  in, 
and  vritUtlrawii  from,  tlic  exciting  liquid;  but  tbe 
current  furnished  by  it  is  likewijw  tuconstiuit. 
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Amongst  the  portable  modifications  of  the  orifrioal 
TOltaic  pile,  the  inatnimeiita  of  RiVamier,  Pulver- 
iiuiclier,  Breton,  and  Priulhoiiiine  deserre  special 
mention. 

The  Oalvank  Poultice  of  M.  S^cnmior  oongists  of 
pieces  of  cotton-wool,  which  contain  minute  particlM 
of  zinc  and  copper,  each  pair  being  separated  bv  a  piece 
of  flannel.  The  wool  is  placed  in  a  bag,  one  Hnrfaee 
of  which  is  made  of  an  air-tight  and  impermcoblo 
gabetanco  (gtittu-percha),  the  other  of  cotton.  The 
permeable  surface  of  the  bag  is  appUed  to  the  skin 
and  fixed  by  a  binder ;  the  impermeable  side  retains 
the  perspiration,  which  soon  acciimiilates  in  a  lif|ni(l 
state  and  causuH  the  pile  to  act.  Tliv  effect  is  more 
powerful  if  the  fluniid  is  wettud  with  vinegar.  One 
of  these  poultices,  bound  tightly  to  the  skin,  prodnc 
a  sensation  of  warmth ;  if  two  of  them  are  applied, 
pricking  is  felt,  and  tiie  skin  becomes  red.  Thil 
apparatus  may  be  worn  ilay  and  night,  and  is  said  to 
have  been  used  with  benefit  in  some  case*  of  ame- 
norrhoea,  rheumutism,  etc. 

Pitlvermaelier'a  Qalvanic  Chain*  consist  of  a  more 
or  less  considerable  number  of  pairs,  forming  a  little 
voltaic  pile;  Oieiie  pairs  hare  a  small  surface,  and 
the  apparatus  consequently  furnishes  a  compamtii 
small  quantity  of  electricity,  but  which  possccsea 
high  tension.  Each  puor  of  the  battery  consists  of 
a  piece  of  wood,  round  which  are  coiled  a  unc  wire 
luid  a  brass  wire  :  each  wire  terminates  in  a  ring,  by 
which  it  is  connected  with  the  heterogeneous  wire  of 
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the  next  link,  that  is,  the  zinc  with  the  brass,  and 
the  brass  with  the  zinc.  At  one  end  of  the  chain 
the  sine  wire  is  firee,  forming  the  positive  pole  ;  at 
the  other  end  the  brass  wire  is  free,  forming  the 
negative  pole.    If  these  chains    axe  immersed  in 
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vinegar,  the  wood  is  impregnated  with  fluid,  whereby 
the  action  of  the  battery  is  excited,  the  wood  serving 
as  a  moist  conductor. 

The  inventor  has  frequently  modified  the  construc- 
tion of  these  chains,  and  in  the  last  form  given  to 
them  has  done  away  with  the  wood,  using  merely  a 
hollow  cylinder  of  zinc,  round  which  the  brass  is 
coiled.  This  has  the  advantage  of  allowing  the  zinc 
to  be  replaced  when  it  has  been  destroyed  by  the 
chemical  action  of  the  battery.  Pulvermacher's 
chains  arc  portable,  handy,  and  easily  put  in  action  ; 
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but  tb«y  hare  tb«  drawback  inherent  to  &U  nto 
tioD«  of  the  originaj  Toltaic  pile,  viz.  that  the  corrent ' 
genenttid  bj  them  is  liable  to  great  and  sudJcu 
vamtiona  mthin  a  Tcry  short  time.  Moreover,  in 
oaoBequencd  of  their  small  surface,  and  hif;h  teiision. 
they  are  not  suitable  for  beiug  applied  to  the  nor- 
rous  centrea.  The  chains  recommend  themselves  bv 
their  cheapness  to  those  who  are  nnable  or  onwilling 
to  procure  the  larger  and  more  perfect  inntrumeut 
A  verj  prolonged  use  of  these  chktus,  vrhicb  is  geofr^^ 
rally  reoommeiidod,  is  not  only  inconsistent  iritli  all 
principles  of  physiology-  and  therapeutics,  but  ako 
condemned  by  daily  experience  ;  a^  when  thus  cm- 
ployed,  they  cause  sloughs,  the  cicatrices  of  which 
remain  throughout  life,  and  oftvn  a^^ravntc  the 
disorder  for  the  relief  of  which  they  were  brought 
into  play.  The  chains  shonld  therefore  be  used  in 
nearly  tlie  same  manner  us  the  larger  batteries,  uid 
which  will  be  presently  described. 

Messrs.  Breton  Fr^res,  of  Paris,  havu  coiistnicted 
B  Ga{r>an\c  BfU^  consisting  of  zinc  and  copper  plabeSt 
which  are  separated  fi-om  each  other  by  a  moi«t 
mastic ;  it  furnishes  very  little  electricity.  Breton't 
Elttirie  Jlfuftfre  consists  of  two  pastas,  one  of  whieli 
contains  xinc,  and  the  other  copper  in  a  pulverised 
state,  mixed  with  sawdust  and  chloride  of  calcium, 
iu  ord^  to  keep  it  moist. 

Innuuierable  rarietie*  of  galvanic  belts  and  ttmilar 
portable  niiichines  have  since  then  boon  cotistructet 
but  which  it  is  not  nuccssary  to  describe.    Tho  on 
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oti»  wliicli  appeai-ii  to  gire  a  somewhat  constant  cur- 
rent is  Pnidliomine's  modtficiUion  ol'  Miu:i4^-DaT^''8 
sulphato  of  lead  buttery  (p.40). 

This  conBi0t«  of  a  diac  of  rinc  of  the  the  of  a  two- 
aKilUnET  piece,  a  ring  of  pnatoboard  the  iiiturior  of 
which  is  tilled  Dp  vrith  a  paate  of  sulphate  of  lead, 
and  a  thin  disc  of  copper.  An;  number  of  auch 
pair*  mar  bo  connected  to  a*  to  form  n  belt,  whicli, 
secordin<;  to  M.  PnidhoiDDiu,  prescrres  it«  cffieocity 
for  four  or  6vc  duye. 

h.  Qnulant  Batterie*. — Almost  all  constant  batteries 
now  in  use  are  modifications  of  Darnell's,  Bnnsen'a, 
and  Suiee'ii  pair,  while  Grove's  arrangement  has,  ou 
acoouot  of  ito  high  price,  the  difiicidty  of  manij^iig  it, 
and  tlie  necessity  of  using  nitric  acid  for  its  chai^, 
'  completely  diaappeared  from  medical  practice. 

itmnak't  apparaliu  (Fig.  24]  consists  essentially  of 
foor  parts,  viz.  tl»e  battery,  b,  the  dial  for  reguhiting 
Uie  power  of  the  cutrcnt,  8,  a  contrivance  for  changing' 
tlte  diroctiun  of  thtt  same,  c,  and  a  galTttnomcter,  for 
afaowing  tlie  condition  of  tliv  battery,  c.  The  battery 
feoiwists  of  sixty  pairs  of  Sii-uiens  and  Ilalske's 
modification  of  Danielt's  pair,  vix.  zinc  and  copper, 
witli  wat«r  and  a  concentrated  solution  of  sulpliate 
of  copjtor.  Each  of  tlie«e  pairs  in,  b;  meang  of 
t«legMtph  wires,  connected  with  tlie  dial,  the  com- 
matotor,  and  the  galTanomcter.  Tbu  dial  is  furnished 
wttli  two  sets  of  five  knobs  each,  standing  in  a  semi- 
circle.'    One  of  these  is  marked  2,  4,  6,  8,  10.  and 
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oUi«T  10.  20,  30,  40,  50.     In  the  mid-Ile  of  each 
ie  b  fix^d  a  hand-plate,  B„  B„  which  ta&y  he 
so  aa  to  Uinch  any  of  tho  metallic  knobs  con- 
witli  the  wirM.    b,  gires  a  carrent  of  from 
ro  to  ten  pain,  while  a,  jields  the  same  of  from 
to  fifbf.   If,  for  instance,  a  cnrrent  of  eight  celU 
desired,  the  hand-plate  b,  is  placed  to  the  knob  8, 
B,  is  made  to  toach  the  board  niiuked  0.     If  it 
:  intended  toiue  26  oells,  B,  is  made  to  touch  6,  and 
pat  on  20,  ftod  soon.     If  both  b,  and  B,  touch  0, 
there  is  no  carrent  at  all. 

The  conducting  wirea  are  connected  with  the 
btnding-screwa,  R,  copper,  and  z,  zinc.  If  the  lian<l- 
plate  of  the  commntntor,  o,  marks  n,  the  poeiUve 
carrent  travels  through  k  into  the  humoji  body,  and 
through  z  to  the  negative  pole  of  the  battery  ;  but  if 
the  hand-plate  marks  w,  the  direction  of  Uie  current 
10  reversetl.  Tlie  galvanometer,  o,  shows  the  intonsi^ 
of  the  current  u  aoon  as  the  stopper  a  in  rraiored,  so 
as  to  allow  the  transmission  of  the  current  to  the 
instmment.  u  is  a  brass  knob  fiu^ished  with  a 
'small  magnetic  rod,  by  means  of  which  the  position 
of  the  needle  may  be  rectiBed,  in  case  it  should  have 
become  faulty,  and  show  a  deflection  when  no  current 
;  posses  through  it.  This  apparatus  may  be  procorod 
from  Mvssrti  Kriiger  and  Hirschmann,  of  Berlin^  the 
■ueceaaors  of  Siemens  and  Halske. 

Apparattnuted bi/  UieAntkor. — The apparatua  which 
I  generally  aae  for  the  consulting-room  consista  of 
100  cells  of  that  modification  of  Duiiiell's  which  is 

It 
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known  as  Mnirhead'a  batten*.  Ten  pain  of  copper 
and  zinc  are  iuimersed,  the  zinc  in  water  contained 
tD  a  poroekun  vase,  and  tlie  copper  in  a  cell  of  poroiu 
cnrtltunwarc.  fitlod  witli  a  solution  of  sulphotd  of 
coppor ;  the  vcholc  of  this  ls  Ctintauiod  in  a  deal  1>0X 
fiimifihed  with  a  Ud,  whicli  ain  1>l<  iibut  eo  as  to 
prevent  the  evaporation  of  the  wnter.  There  are  ten 
anch  boxes.  Each  set  of  fire  cells  is  connected  with 
a  telegro}))!  wire,  which  i«  carried  from  tlie  basement 
of  the  faouH«,  where  tlie  batterj  is  placed,  tUrougli 
holes  in  the  ceiling  of  the  basement,  and  in  tlie  Soor 
of  the  consulting-room,  to  a  pole-board  convunientl^v 
fixed  on  the  wall  of  the  conBulting-room.  The  wires 
are  connected  with  two  dials,  one  of  which  gires  a 
current  of  from  h  to  45,  and  tlic  other  IVoiu  oO  to  100 
calls.  A  galvanometer  is  connected  witli  Uio  pole- 
board,  so  as  to  give  an  oxnct  indication  of  the  Ktrengtb 
of  tlie  battery.  This  iostniment  has  been  built  up 
for  me  b;  Me&srs.  EUiott 

A  battery  of  a  somewhat  similar  kind  is  iu  use  in 
the  EloctrioiU  KooDi  of  the  Lilirmor}'  for  Epi[t>])«j 
and  Panilvsi^,  Churlcs  Street,  Portmon  Squjiro  ;  only 
with  tliis  difference,  tliat  a  oontriviuico*lias  been  added 
for  allowing  the  nao  of  the  eleotricitjr  in  different  parte 
of  the  building,  without  moving  either  the  machine 
or  the  patients.  The  battery,  which  is  of  considerable 
8126,  is  enclosed  in  a  cupboard  in  tlie  consulting-room, 
and  each  Mt  of  cells  is  connected,  not  vritli  one,  as  ia 
UMiull}'  the  case,  but  with  several  telegraph  wires. 
One  M  of  tla-ae  win.>»i  U  conducted  to  a  pole-board 
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fixed  on  tho  wall  over  a  couch  npon  which  patients 

may  ait  or  lie  down  while  bt-ing  {rnivanigcil.     The  cel]« 

are  arranged  in  sets  from  five  to  five,  und  the  different 

points  of  contact  marked  by  numbt:re,  so  that  by  put- 

tiog  the  condiictuig  wires  into  one  or  another  of  the 

aeroiul  perforated  knobs,  we  may  at  once  obtain  all 

be  different  grudiiations  of  galvanic  power  whioh 

''may  be  required.    Anothi-r  wt  of  telegraph  wirefl, 

which  is  enclosed  in  india-rubber  cosing,  is  curried 

up  through  the  ceiling  into  the  first  fioor,  where  a 

pole-boord,  similar  to  the  one  juat  described,  is  fixed 

on  the  wall  b«twL*n  two  IhhIs.  and  where  the  current 

may  be  used  with  the  saiiiu  convenience  ns  down- 

This  arrangement,  which  luis  been  suggested 

■  myself,  luid  ably  carried  out  by  Mr.  Foveanx  (Weiss 

"and  Son),  is  found  to  work  extremely  well  in  pnictice. 

It  is  hardly  necessary  to  mt-ntion  that  this  battery 

mst  only  be  used  in  one  place  at  a  time. 

As  portable  apparatus,  I  have  for  some  years  used 
taodificatioD  of  Bunsen's  battery,  which  was  eon- 
for  me  by  MeMiirs.  I^egeudre  and  Morin, 
Paris.  This  consists  of  thirty  cells,  contained  In 
elegant  mahogany  case,  and  is  not  rety  heavy, 
oh  cell  is  four  inches  high,  and  has  a  circum- 
loe  of  five  inehcs.  The  e^trboo  used  in  it  is  that 
known  as  Delenil's  carbon,  which  is  prepared  from 
deposits  formed  in  the  Paris  gas-works,  and  is 
listingnished  by  its  hardness,  unifonnity,  durability, 
its  property  of  giving,  with  nitric  acid  and  zinc, 
a  very  powerful  mrrent;  one  such  cell,  if  charged 
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witlL  50  pel-  cent,  nitric  a«i(l,  b  sufficient  to  put  into 
action  largt!  iiiductiun  inatihiocs.  Tlio  apparnius  u 
dMQ.  TLenj  is  no  escapo  of  acid  fumes,  for  tb«  cells 
are  entirely  closed  up  by  a  oorer  of  rulcuniUi.  The 
dose  of  electricity  to  be  g^iren  may  be  eiactly  man^ 
snred.  Tbe  plates  which  estaUish  the  connectton 
between  the  several  cclb  nrc  perforated,  so  that  con- 
ducting wires  may  be  etude  into  any  of  thvni,  and 
thus,  at  a  moment's  notice,  a  current  of  any  power 
may  be  obtained.  The  machine  would,  in  fact,  bo 
perfect,  if  it  did  not  have  the  diuwback  of  requiring 
to  be  chained  and  diwhargod  every  day,  which, 
trhero  nitric  acid  is  vmployt.'d,  is  one  of  the  frroatost 
inflictions  connected  witb  tlie  medical  use  of  elec- 
tridty.  This  alone  is  the  reason  why  I  have  for 
some  tiine  past  given  up  the  use  of  this  tuaclitiie,  with 
wbich  I  was  in  every  other  respect  woll  satisfiMl. 

Mr.  Foveaux  has  recently  constructed  a  nice  port- 
able batter}-,  which  contains  Gfly  cells  of  Smee'a, 
charged  with  diluted  sulphuric  acid  (1  in  8),  wad 
contained  in  a  maliogiuiy  cose.  Tliis  battery  iseqnal 
in  inteii»ity  to  lluirhead's.  The  plates  may  bt-  im- 
mersed into  the  sulutiun  by  means  of  a  simple  Borew 
amuigenieut,  and  lilted  out  in  the  some  way  without 
any  trouble.  Tbe  cells  are  made  of  vulcanite,  and 
deeper  than  is  necessary  for  the  requisite  amount  of 
fluid,  by  ivbich  the  operator  is  enabled  to  carry  the 
battery  about  without  fear  of  spilliug  the  liquid. 

Bm<dut'«  Battery  consists  of  tikirty-six  pairs  of 
Smce's,  similar  to  Foveaux's.    Smee's  batturj-  Wing 
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not  ncurly  aa  constant  u  DoiiivU's, — Benedict's  and 
Pcivcaux's  machinfis  m«  cbiefly  aiiit«.U<t  tor  out-doop 
[tracticv,  while  for  the  consoltuig-room   Diuiiell*s  is 
'tnucb  preferable. 

Slohrer't  ajrparatna  is  a  modification  of  Butisen'l 
bftttety,  ctiiu^d  witU  chroiuic  and  tiiti-ic  acid,  or  with 
mixtiiiv  of  diluted  siilx)hunc  acid  and  bioliroinutc  of 
itb.  Tw6aty-four  or  tliirtj^-two  micb  pain  ai'e 
Dmbined  to  form  a  pile.  The  plates  may  be  im- 
mersed in  and  lifted  out  of  the  liquid,  so  that  the 
apparatus  is  always  readjr  to  act,  yet  no  consumption 
of  zinc  or  deterioration  of  liqoida  takea  place  when 
the  machine  is  not  used. 

Fnmmhold't  apparatus  (P^g.  25). — This  oonsists  of 
thirty-two  pairs  of  zinc,  k-od  aJid  ptatinuni  moor, 
,  which  latter  substances  are  substituted  for  silver.  It 
I^imished  with  a  dial  and  galvanometer  as  usual. 
ij  meaoi  of  a  peculiar  arrangement  it  is  possible  to 
imLinH  tlirj  plates  more  or  lees  deeply  into  the  «x- 
Bittng  hquid,  to  that  not  only  intensity,  but  quantity 
t,  may  bo  changed  during  the  apphcation. 
T^imum't  apparatus. — This  machine  has  the  pe- 
ril7  of  containing  only  one  galronic  pair,  but 
rhich  is  made  to  ftimiah  a  sufficient  amount  of  elec> 
tricity,  by  utilisutg  the  principle  of  {lolarlsatiou. 
The  pair  uacd  is  eitJier  zluc  luid  carbon,  or  zinc  and 
platiuum,  cliargfd  with  nitric  or  chromic  ucid,  und 
uiii»t  rvadily  dcoompoin.'  wat*>r.  The  battery  it««lf 
[insisti>  of  two  open  boxes,  each  of  which  is,  by 
of  twenty-six  platinum  plates,   divided   into 
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twenty-Bve  culla,  bo  thut  one  side  of  each  plate  belongs 
to  one  cell,  and  the  other  to  the  next  cell.  Now  we 
know  that  if  two  platinain  platea,  immersed  into 
dilated  snlphnric  acid,  are  touolied  with  the  polce  of 
a  galvniiic  buttery,  and  tht-  luttvr  is  then  removed, 
whOe  the  two  plates  are  connected  hy  means  of  a  wire, 
so  electric  current  is  generated  which  travels  in  a 
direction  opposite  to  that  of  the  battery.  The  plates 
are,  in  faet,  polarifled  by  the  deposit  of  hydrog:en  on 
one,  and  of  oxygen  on  the  other.  Both  these  gases 
being  in  the  nascent  state,  they  quickly  combine 
iigun  to  form  wnt«T,  and  the  electric  current  pro- 
duoed  by  their  appearance  has  therofore  a  short 
dufmtion ;  on  the  other  hand,  it  is  easy  in  a  very  short 
time  to  charge  by  polarisation  a  large  number  of 
plates,  so  tliAt,  if  thu  hLtt4>r  are  combined  to  form  a 
battery,  a  current  uf  high  tension  may  be  obtained, 
the  duration  of  which  is  prolonged  by  means  of  the 
following  contrivance :— A  flat  ring,  made  of  an  iu- 
suhitjug  material,  contaiua  aa  many  pieces  of  metal 
as  there  arc  plates  in  the  battery,  each  piece  being 
connected  with  the  corresponding  plate  by  means  of 
a  flue  silver  or  copper  wire.  The  ring  is  travened 
by  a  horizontal  axis,  furnished  at  the  top  with  two 
bnncbes  inetiliited  from  one  another,  and  connected 
with  two  clamps  for  receiving  the  conducting  wires 
of  tlio  galranic  battery.  Tlie  two  brooches  represent 
Uie  poles  of  thu  pair,  and  carry  a  spring,  so  arranged 
that  if  one  of  tbem  touches  the  mutal  pieces  of  the 
ring,  the  other  spring  touches  the  next.    This  axis 
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may  be  turned  round  hj  means  of  a  freight,  or  i 
work,  or  a  hainuier,  auch  as  is  used  in  induct 
machines ;  and  in  this  nuuiner  each  plat«  i»  succew- 
irely  charged  with  hydrogen  on  one  side  and  oxygen 
ou  the  other.    One  turn  of  tlio  axis  therefore  cli 
the  irhole  battery,  which  Li  thus  always  ready  to  acLT 
The  intensity  of  the  current  is  regulated  by  the  more 
or  leas  intense  action  of  the  galvanic  pair,  uiid  this  is 
refpilated  by  interpolatinij  a  metallic  wire  of  differont 
lengths  into  the  circuit,  bo  as  to  increase  or  diiuiitiab 
the  reustance  of  tlte  pair  ad  libilnm.     The  appamlUK 
is  expensire,  but  does  not  reqaire  any  subsequont 
outlay,  and,  being   portable,  may  in  time  come  U>' 
be  extensively  used  fur  out-door  medical  electric „ 
practice. 

Other  tiwinim«nf«. — ^The  most  essential  iustnuneot 
besides  the  battery  are  fondtuliwj  mnt,  from  one  to' 
tJiree  yards  long,  and  inttulati-d  with  Hilk  or  cotton, 
or  some  similar  material ;  and  isleetrodiv,  the  form  of 
which  rariea  considerably,  but  which  are,  for  mc 
cases,  metallic  cups  with  a  diameter  of  fW>m  half 
inch  to  three  inches,  fixed  to  insulating  haiidk-«,  and 
ftiniished  with  a  screw  or  clamp  for  tlie  attach- 
ment of  the  conducting  wires.  These  cups  are 
with  sponge  moistened  with  warm  water  or  salt  water. 
The  sjiouge  most  project  completely  beyond  the., 
metal,  eo  tluit  during  tbe  application  the  metal  < 
not  touch  the  skin.  I  have  iii  somo  cases  found  it 
uwflil  to  have  two  8]>oug«-cups  branched  off  &om 
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one  stem,  so  that  two  separate  pointe  may  receive  the 
influence  of  one  pole  at  the  same  time. 


Fig.  26. 

Electrodes,  suitable  for  internal  application,  will  be 
Bnbseqaently  described ;  the  terma  '  conduct&re '  and 
*  directors '  are  occasionally  used  in  the  following 
chapters  as  synonymous  with  'electrodes.' 

I  always  employ  different  conducting  wires  for  the 
two  poles,  in  order  to  be  able  to  tell  at  once  the 
direction  of  the  current,  viz.  wires  insulated  by 
green  silk  for  the  negative  pole,  and  such  insulated 
by  red  silk  for  the  positive  pole, 

The  Battery  at  fault. — If  no  effect  can  be  obtained 
from  the  battery,  the  fault  must  be  either  in  the  battery 
itself,  or  in  the  coTiducting  wires,  or  in  the  electrodes. 
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Most  of  tlie  ooniitant  batt«m«  whioh  huro  just  iMen 
dearribed  require  b.  fresh  charge  only  every  two  ov  < 
three  montlu;  and  if  tlie  battery  lias  therefore  been! 
charged  a  few  weeks  before  nse,  it  is  not  likely  that 
the  fault  h  in  the  chiirgu.  It  may  be  due  to  imper- 
fect cunnection  of  the  eeveral  pairs,  as  the  plates  or 
wires  used  for  this  Bometimes  get  rusty  or  oat  of 
place  ;  and  where  this  is  dtscorered,  it  must  be 
rectified.  la  summer  the  cliemicnl  decomposition 
which  is  f^ing  on  within  the  batt«ry  is  more 
I'xteusiTe  than  in  winter,  and  iu  thow  in^trumeots 
which  are  not  hermetically  closed,  the  evnporaticai 
of  water  is  sometimes  so  considerable  that  battericB 
which  may  contain  the  other  chemical  ingrodicnts 
in  good  condition  may  yet  refuHu  to  act,  unless  a 
fresh  supply  of  water  be  added  from  time  to  timeu 

Another  cause  of  disappointment  may  be  a 
condition  of  the  conducting  wires,  which  estabL 
the  connection  between  the  hattety  and  the  electrodea^ 
Conducting  wirets  should  be  made  of  flexible  copper 
thread,  and  bo  carefully  insulated  by  silk  or  eotton, 
which  are  the  most  reliable  substances.  Flexible 
india-rubber,  which  is  frequently  used,  and  protects* 
the  wires  better  fVom  without,  is  nevertheless  one  of 
the  worst  substances  for  insiihLtion,  as  it  contains 
certain  quantity  of  sulphuric  acid,  which  ropidl] 
oorrodeii  the  metal,  even  if  the  wire  be  first  cove 
with  ailk  or  cotton.  I  have  therefore  long  ago  giiren 
up  the  use  of  india-rubber  insulation,  as  being  mc 
deceptive  and  leading  to  great  disappointment.     It'' 
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shoaM  also  b«  borne  in  mind  that  conducting  wires, 
bowerer  well  thev  ma^-  have  been  iii8n]nt«d  in  tho 
finit  instance,  suffer  a  gooA  doul  from  wear  and  tour, 
and  should,  tlieroforo,  from  tJmo  to  time  be  replaced 
bj-  (rcsli  onns. 

If  the  batteni-  and  the  conducting  nires  are  in  onler, 
ftod  yet  no  action  is  perceptible,  the  fault  innst  be  in 
the  electrodes,  whieli  Hhotild  always  be  Kcrupulously 
clean,  and  have  a  bright  uietnllic  surface.  There  is 
little  difficulty  in  keeping;  the  electrode  connected 
with  Utc  nc^ttire  pole  in  (food  order,  since  hydrogen 
and  alkuliea,  which  arc  ovolved  at  the  negative  pole 
during  the  tranemission  of  the  current  to  the  human 
body,  have  no  corroding  action  upon  metals.  It  is. 
however,  different  vitli  the  instrument  used  for  the 
positive  pole,  which  is  rapidly  oxidised  and  chlori- 
nated, and  tliereforu  soon  becomes  a  bod  conductor. 
This  condition  of  the  positive  electrode  is  a  frequent 
cause  of  a  battery  not  yielding  a  proper  current,  and 
should  be  looked  to  before  the  commencement  of  the 
application.  The  sponges  which  luo  used  likcwieu 
require  to  be  frequently  renewed,  especially  when 
they  assume  a  grconish.Uue  colour,  showing  that  they 
have  become  impregnated  with  a  solution  of  copper. 

S.  Mcthxl  of  iledieal  AppliealioH  of  l/te  CoittinvmiM 
Oatvanic  CVtrrmi*,— Before  commencing  the  applica- 
tion of  •^ilviuiism  to  a  patient,  it  is  advisable  to 
aocertuin  wlK-tber  the  battery  is  in  (;oo>l  working 
order  or  not,  more  especLully  if  it  is  quite  new,  or  if 
it  has  not  been  used  for  some  time  past.    Tliis  may 


»I8         MEDICAL  ELECTRIC  APPARATCa    [ciiu'.  ra. 


be  done,  finit,  by  interpoliiting  ft  galranoecope  into 
theotrcnit,  wh<-n  the  ileHectioii  of  the  needle  will  t«Il 
the  presence,  nnd  to  some  vxt«ut  also  the  power,  of 
tJie  com-nt  which  trarersoa  it ;  second,  hy  immersing 
the  ends  of  the  condncting  wires  in  water,  when  the 
(1eTe1opni«>nt  of  hydrogen  gas  at  the  oegatiTe  pc^e, 
and  the  blacke-ning  of  the  wire  at  the  poeitive  pole, 
will  gire  a  eimiUur  indication ;  third,  hy  nsin^,  in- 
Btead  of  water,  a  solution  of  iodide  of  potassium  and 
starch,  when  a  blue  colour  will  be  produced  at  the 
positive  pole ;  fonrth,  hy  the  operator  applying  the 
krwest  degree  of  galranic  power  which  he  has  at  hit 
dlspomil  to  liis  tongue,  and  the  highest  to  the 
of  his  hand.  The  last  te<t  is  not  only  the  readiest, ' 
but  also  the  most  important,  as  no  other  experiment 
gives  a  better  bint  for  the  selection  of  the  galvanic 
power  to  be  nsed  in  cases  of  disease. 

Another  [trtiiit  of  importance  is  that,  on 
applying  the  current  to  a  patient  a  very  low  dc 
of  power  is  employed.  Patients  are  often  in  fear 
*  shocks,*  and  nothing  soothes  their  trepidation 
more  than  the  perception  of  a  slight  and  plea 
sensation,  instead  of  a  severe  and  painful  one,  wl 
they  had  been  expecting.  Moreover,  it  is  by  no 
ateans  neoeasary  for  therapeutical  snocessto  employ  a 
cmrcnt  so  strong  as  to  be  painful  to  bear. 

/I  may  be  laid  thwn  a*  a  qmerel  jmneipU  UuU 
a  fethU  eurrtnl,  uwd  for  a  ehort  tim«,  prodveet  ti 
greatest  therajieniieal  effect.  A  cnrreni  wkich  u  sfroHj) 
and  painful  to  bear  almost  alteayt  don  harm  mtiead 
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of  gow^y  ni\d  more  etipfeiatli/  »o  wh«H  it  i»  applied  for  a 
evtUH<irrah{e  l^ijlk  af  time. 

Tlip  only  exc^^ption  to  tbU  nila  of  short  applications 
is  formed  by  oortain  tpMinocIic  diseaseB,  in  which 
more  prolon^r^  applications  nro  necessary  than  in 
ponUytic,  neiiralgic,  and  oittestbetic  conditions. 

I  now  proceed  to  deacribe  the  way  in  which  the 
eontinnoiu  galronlo  current  should  be  applied  to  the 
different  organs  of  the  body. 

a.  OehfanitnUon  of  Ih*  Brain. — If  it  is  intended  to 
•end  the  galvanic  current  through  the  whole  of  the 
cerebral  sabetance,  three  different  modes  of  applica- 
tion may  be  oaed,  Tie.  flrRt  to  apply  one  pole  to  the 
forehead  and  another  to  the  occiput ;  second,  one  to 
the  left  and  one  to  the  ri^t  temple ;  and,  third,  one 
to  the  left  and  the  other  to  the  right  mastoid  process. 
If,  on  the  other  hand,  we  wish  to  galvanise  only  one 
hemisphere,  ao,  for  instance,  in  hemiplegia,  it  is  best 
to  pat  one  pole  over  tlic  eyebrow  and  the  other  to  or 
near  the  mastoid  prooc«s  of  tlie  mme  side.  "With 
regard  to  the  direction  of  the  current,  Benedict  has 
recommended  to  place  the  positive  pole  to  the  cerrical 
spine,  and  the  negative  to  the  right  or  left  side  of 
the  forehead.  I  do  not  think  that  this  direction 
should  inviirinbly  be  fnllowed,  since  I  have  found 
that  it  is  beet  determined  by  the  sensations  ex- 
perienced by  the  patient.  If,  for  instance,  the 
patient  should  complain  of  a  feeling  of  ftilness,  pain, 
or  weight  and  pressure  on  the  forehead,  it  is  adnsaUe 
to  i^ly  the  positive  pole  there ;  but  if  such  aenaft- 
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tiuns  are  exp«rienoed  att  the  occiput,  the  negative 
pole  should  be  applied  in  front.  Where  the  patient 
doea  not  complain  of  Uic  head,  that  direction  should 
be  chosen  wliich  appears  to  do  most  good. 

A  short  timo  ^o,  I  had  a  patient  suffering  from 
hemiplegia  undi/r  my  care,  who,  when  the  posittTe 
pole  waa  directed  to  the  brow,  and  the  negative  totbt* 
cervical  spine,  felt,  aAer  the  application,  bo  light,  *  as 
if  eb«  could  fly : '  while,  when  the  po«ition  of  tho  poles 
waa  reversed,  n  slight  sensation  of  fulness  and  heavi- 
ness in  the  head  wna  experienced.  On  discovering 
aiich  differencee,  that  direction  which  yields  the  most 
fovourable  effcct«  shotild  always  be  selected. 

Benedict  has  justly  laid  stress  upon  the  oeoessity 
of  nhorl  appUcations  I'uever  more  than  half  a  minate'). 
Meyer  recommendn  an  appticatJon  of  two  or  three 
minutes'  duration;  but  this  a  for  many  cows  too 
long.  I  am  in  tbe  habit  of  employing  the  ctureat 
from  thirty  to  ninety  seconds  at  a  time.  The  result 
of  the  first  or  second  application  generally  grrea  the 
elue  as  to  what  length  of  time  the  application  should 
kst ;  if  the  shorU-at  time  seems  to  answer,  it  is  not 
necessary  to  try  b  longer  one,  as  suinetimee  the 
benefit  already  obtained  is  thereby  coonterbotanoed. 
A  current  of  from  fifteen  to  twenty  cells  of  Uuirhead's 
battery  is  all  that  in  re<inire<l. 

A  iMiwerful  contiiuimtii  current  applied  to  tlie  brain 
in  the  wny  just  described  may  produce  giddinesSf 
fVilness  and  pain  iu  the  head,  sickness,  vomiting, 
blindness,  gonemi  convulsions,  purnlysis,  and  otlua- 
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symptonu  of  profounti  ocrobral  disturbojioe.  Thf 
miue  symptoms  may  be  caused  by  Uio  too  prolonged 
applicntion  of  n  more  feeble  current.    Sapumti  tai. 

h.  GnlranUatitm  0/  tlm  Spinal  Cord. — The  whole 
con!  may  be  gBlvanised  by  directing  one  pole  to  tlie 
upper,  and  the  other  one  to  the  lower  portion  of  the 
ka  a  role,  it  is  the  best  plan  to  dii^ct  the 
poi^tiw  pole  to  the  point  which  in  believed  to  be  the 
BMt  of  the  diBt>A8e,  and  the  negative  oitbor  to  another 
point  of  the  spine,  or  somewhere  near  the  positive 
on  the  ribs.  With  regard  to  the  direction  of  tlie 
cmrent,  it  appears  that  if  the  seat  of  the  disease  is 
in  the  upper  portion  of  the  cord,  the  direction  of 
the  current  should  be  inrene;  but  if  we  look  for  It 
in  the  lower  pari  of  that  origan,  the  poflitdre  pole 
should  be  above  the  negative.  Where  one  or  sevenil 
rertfbriB  are  painful  or  sensitive  to  preasore,  the 
current  should  be  directed  to  them  princiimlty.  Asa 
ntle,  the  appticatjons  to  the  cord  most  bo  longer  than 
thoM  to  the  brain ;  but  it  is  rarely  lulvisabte  to  go 
beyond  three  minutes.  Tlic  intensity  of  the  current 
aied  must  be  regulated  by  the  sensations  experienced 
by  the  [latient ;  if  pain  is  caosed,  the  current  is  too 
strong;  but  it  is  necessary  to  produce  distinct  wnsa- 
tiotts  of  pricking  and  beat  Somo  patients  bear  only 
tea  or  fifteen  cells,  while  in  othent  from  30  to  60 
are  required. 

0.  (rR/rantfflfton  0/  H»  Ctrvical  Syntpaihettc^-ToT 
this  the  negative  polo  is  appl  ied  to  the  superior  cervical 
gongliofi  in  the  stylo-mastoid  fossa,  below  and  behind 
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the  aogle  of  the  lower  jaw ;  tvhUe  the  positive  is 
placed  either  above  the  mauubrium  stcmi,  on  tho 
internftl  aide  of  tlie  Btemo-nuutoid  muscle,  or  to  tho 
■treoth  ovi-vical  vertobm.  By  tho  kttor  appUcatton 
the  upper  portion  of  the  Bpinal  cbnl  is  incladvd  in  the 
circuit,  while  by  the  former  the  pneumogastric  nerve 
is  affected.  A  localised  application  to  the  cervical 
sympathetic  ia  the  Living  subject  is  therefore  im- 
possible. 

In  some  cases  it  is  neoessary  to  galranise  botli 
cervical  sj-mpathetics ;  for  instance,  where  the  whole 
of  the  cerebral  substance  appears  to  be  suffering ;  in 
other  coses  Uie  current  is  applied  merely  to  the  sym- 
pathetic of  this  suffering  sidv. 

The  application  to  the  8>-mpath«tic  should  rarely 
go  beyond  one  minute.  A  slight  amount  of  giddiness 
on  opening  the  circuit  is  unavoidable,  and  haimleaa ; 
but  i  f  the  giddiness  should  be  felt  for  some  time  after 
the  application,  and  be  accompanied  with  tinnitus 
aurium,  the  application  has  been  either  too  long  or 
too  strong.  For  tho  synipathctic  a  slightly  higher 
galvanic  power  in  gunerally  requirwl  than  for  the 
brain. 

Diflegie  Cortiraeiions, — This  term  has  been  pro* 
posed  by  Bemak*  for  designating  certain  reflex 
contractions  which  appear  chiefly  if  the  continuous 
current  is  used  in  cases  of  progressive  muscular  atro- 
phy and  arthritis  nodosa,  and  ore  caused  by  the 
action  of  the  current  on  the  sympathetic.  Accord- 
*  Da  rappticaiiM),  ru.  p,  37. 
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lug  to  Komak  the  two  pointd  from  which  these  con- 
tnutiona  are  most  easily  produced  are  the  fossa 
aariculo-niaziUaris  of  the  opposite  side,  corrcepond- 
ing  to  the  ganglion  cemcale  auperius,  and  to  this 
point  the  potitive  polo  connected  with  a  small  con- 
ductor should  be  applied ;  and  the  sixth  corvical 
rertebra  of  Uie  same  side,  to  which  the  iicgatitv  pole, 
connectod  with  a  Lu^e  ulectrode,  should  be  directed. 
Sometimes  the  second  point  is  lower  down  on  the 
spine  than  the  sixth  cerricol  Tert«bn) ;  and  Remak 
has  tJierefore  distinguished  several  zones,  vix.  the 
ctrvital  xon^y  which  is  the  spine  abore  the  fifth 
cerrical  Tertebra ;  the  upper  dorMl  none,  which  goes 
from  the  fifth  cerrical  to  the  sixth  dorsal  vertebra ; 
and  tlM  tower  dortal  «me,  ftoiu  the  sixth  donuU  rvr- 
tebra  downwards  to  the  sacrum,  or  even  to  the  lower 
extremity.  Aeoording  to  the  same  observer  these 
contractions  are  more  easily  produced  in  recent  cases 
than  in  tinch  of  lon^  standing. 

Fieber,*  who  baa  studied  tliia  subject,  agrees  with 
Rcmak  in  almost  every  particular,  except  in  so  far 
as  he  obtained  diplegic  contractiomi,  not  only  with 
the  continuuiH,  but  with  the  induced  eum<nt  like- 
wise ;  and  that  he  observed  thtm  not  only  in  pro- 
gresrire  muscular  atrophy,  but  also  in  cases  of 
rheumatic  paralysis,  lead  palsy,  and  cerebral  and 
spinal  paralysis.  They  may  continue  beyond  tlie  ap- 
plication, and  resemble  cltoreic  movements. 
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Merer*  has  obeerred  diplegic  oontractioiu  in  on 
iina?mic  g'arl,  with  poral.rsia  atid  atrophy  of  the  upper 
cxtremitiea,  in  conaeqnesoe  of  chronic  araenioal 
poisoitiiig :  and  fouiid  thjit  tb«j  could  be  produced 
not  only  by  pliicing  the  directon  to  tlie  poiuts  indi- 
cated  by  R«mak,  but  al«o  by  putting  them  to  Uie 
right  or  left  aide  of  the  spine,  or  one  to  the  pit  of 
the  stomach  and  the  other  to  the  dorsal  spine.  It 
therefore  appears  tJiat  for  causing  tht-ae  coutractionB 
the  cuneot  need  not  act  on  the  ganglion  cervicale 
Buperins. 

According  to  Bonedict,t  these  contractions  appear 
chic-fly  wberu  timro  is  incKUsod  ri-flcx  cxcitabili^ 
throughout  the  system,  and  where  the  aympatbetie 
is  Bennttre  to  prusure.  Thig  agrecB  with  my  ex- 
peiience,  for  I  have  observed  them  chiefly  in  hysteri* 
cat  patients,  and  bare  found  that  they  could  not  b« 
pi-oduced  when  reflex  excitabihty  had  been  dimin- 
ished by  treatmeDt,  as,  for  instance,  after  acoune  of 
bromido  of  potmsrioni. 

d.  GalvaniaatioH  of  (he  Piuumogaxine  Nerve, — This 
opei-ation,  which  is  appropriate  in  caaes  of  tnut 
asthma,  nervoaa  indigestion,  and  diabetes,  is  so  per- 
formed that  the  negative  electrode  ifi  placed  near  the 
angle  of  Ibe  lower  jaw  on  the  carotid  artery,  and  the 
positive  electrode  to  the  manubrium  Btomi.  on  the  in- 
ner edge  of  the  stemo-mastoid  muscle.  The  applica- 
tion should  as  a  rule  not  exceed  two  minntes  at  a  time. 

e.  QalvanualiiM  of  the  SooU  of  the  Spinal  Nerti:» 

•  L.  e.  ^  la;.  t  l.  c.  ^  «», 
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been  strongly  recommended  by  Benedict,  and 

carried  ont  so  thut  the  positire  pole  is  placed  to 

tho  top  of  tJiat  portion  of  the  spinal  cord  which  ia 

disensed,  while  the  negative  pole  t8  slowly  passed 

thirty  or  forty  times  down  the  sides  of  the  rertebml 

column.      The  inten«ity  of  the   cozrent  should  be 

iroportioDol  to  the  sensibility  of  the  patient  and  the 

lit  of  each  application.     Where  a  neoralgic  affec- 

of  the  leg  18  beliered  to  be  canaed  by  a  leaioD 

the  oorreaponding:  spinal  roots,  the  poaitire  pole  it 

to  the  firet  himbur  vertebra^  and  the  negatirc 

pote  passed  down  at  tho  side  of  tho  ^inous  proceswa 

of  tbe  Inmbar  vertebno  and  the  sacrum. 

f.  Gntc^iniMlion  of  IJim  Nerves  and  Sttitclt*^^ 
For  galvanising  the  nerves  and  muscles  vmrious 
methods  are  uaod.  In  some  cases  tlie  cord  is  in- 
cluded in,  while  in  others  it  is  excluded  Irom,  the 
circuit.  Where  tho  cord  is  excluded,  the  positive 
pole  is  directed  to  a  point  of  the  skin  where  a  nerve* 
tronk  is  eoiuly  accessible,  and  tbe  negative  pole  is 
applied  to  a  more  peripheral  part.  If  it  is  intended 
to  include  the  cord,  the  method  varies  again  nocor- 
dtng  to  the  part  of  that  organ  which  is  compre- 
hended ;  sometimes  the  positirv  pole  is  phic«d  to  the 
Itmibar  portion,  in  other  cases  to  the  dorsal,  or  even 
to  the  cervical  portion  of  the  cord.  Other  tbinga 
being  equal,  the  effect  is  greater  the  more  central  is 
the  part  of  the  cord  which  is  acted  upon.  I  hare 
fonnd,  in  a  number  of  oaaca  of  paralysis  and  anas- 
L^Mcia  of  the  lower  extremities,  that  a  peripheral 
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application  from  nPire  to  muscle  protlace<l  no  coii- 
tzaction  or  sensation,  even  if  li  powerful  current  was 
used ;  that  a  slight  effect  was  caused  b^  including 
the  lumbar  portion  of  the  cord,  while  powerful  con- 
tmctions  snd  seiuatjons  ensued  when  tlie  pogitire 
pole  was  directed  to  the  rcrtneat  spine,  more  espc- 
ciallj  to  the  screnth  ceirical  rcrtebrft.  Tlio  pctir, 
pheral  application  is  ponoroUy  used  where  the  i 
of  the  aflectJoD  is  peripheral ;  while  in  central 
affections  both  central  and  periphernl  applie^Hon 
may  be  employed.  Where  the  affection  seems  to  bflj 
seated  in  tlie  raso-niotor  nerves,  tbe  positive  pel 
may  bo  placed  to  the  superior  cerrical  ganglion,  an 
the  negative  to  the  soffering  parts. 

The  method  varies  farther  according  as  the  poles 
are  held  fixed  ou  tbe  skin,  or  whether  they  axe 
moved  about  The  former  method  was  by  Reaaa 
calle<l  'ftahiU'  and  the  latter  'tahUe'  application.' 
In  tiio  present  work  tliese  two  prooeedinga  ore 
termed  '  conlinuative. '  and  '  initrmitlont '  application. 
Details  on  tliis  subject  will  be  found  in  the  fifth 
chapter ;  but  it  may  be  laid  down  as  a  general 
which  of  couise  is  liable  to  exceptaona,  that  in 
of  paralysis  and  aniesthesia,  the  intermittent,  and  in 
cases  of  spasm  and  hypersesthesia,  the  continuative, 
application  is  to  be  preferred. 

g.  Oalvaniaatum  of  the  AvdUtyry  Xtwe.^In  cases  of, 
nervous  deafness  the  application  of  tbe  continaot 
current  to  the  auditory  uervo  is  worth  a  trial.    The 
proceeding  is  as  follows : — The  patient  being  in  the 
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recainb«nt  position,  the  external  mefttos  U  filled  xrUh. 
warm  wiiter,  and  an  insnlftted  soand,  witli  a  metallic 
top,  connected  with  one  of  the  polos  of  the  npparatos, 
is  held  into  the  water,  while  a  nioistcnod  electrode  is 
placed  in  the  neighbourhood.  Prom  ten  to  fifteen 
cells  are  generally  sufficient,  and  voltaic  altemativefi 
often  prore  very  usefuL  The  application  ahould  be 
tntvrmittent,  and  not  be  prolonged  beyond  two  or 
three  minnt^s  at  a  time. 

h.  GatciMtation  of  the  BeeUun. — In  certain  coms 
of  inte«tiniLl  atony,  (ispecially  met^orism  and  tym- 
litee,  the  oontinuouti  cnrrcnt  produces  bracing 
eBbcts  superior  to  those  of  anj  other  remedy.  In 
soch  caaes  a  rectal  conductor  is  inserted  into  the 
rectum  for  tVom  four  to  six  inches,  the  circuit  bein;; 
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closed  by  the  eontinuatire  or  intermittent  appli- 
cation of  a  moistened  sponge  to  the  abdoniiual 
parietes. 

i.    OahvntBation   pf   the    ITrelAra.— In    cases    of 
spermatorrhoea  and  impoteocy,  the   application  of 


Fig.  18. 

the  continuoos  current  to  the  prostatic  portion  of 
the  urethra  is   oiten  followed  bjr  excellent  results. 
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The  circait  ia  closed  in  spermatorrhoea  b;  oontiiiQ^ 
live,  and  in  iuipotency  by  iutermitteiit,  appltcution 
of  ft  sponge  uoiiuected  with  the  'other  p«l«  to  tb9 
groin. 

k.  fTaJvano-jmnchtrc— Asarulo,  ^vano-paBCture 
is  larely  ased  in  the  treatment  of  anj  but  sorgical 
diseaaes,  the  reason  tor  Hub  being  that  it  is  more 
painfnl  than  the  ordinarj-  application  of  moistened 
conductors  to  the  aninjared  skiD.  In  certain  case*, 
however,  galvano-puncture  may  produce  decided 
effects  after  the  ordinary  application  ha«  fuilcd. 
These  cues  arc  gonermlly  such  of  grout  eererit;  and 
of  very  long  standing,  or  of  patients  whose  aeuaibi- 
lity  18  unusually  dull,  llie  mode  of  proceeding  will 
b«  described  uuder  the  hood  of 'Eloctroljns.' 


la-SUBOICAL    APPLICATIONS    OF    THE   OOS- 
TmUOOS  GALVANIC    CUltRENT. 


Under  this  head  ore  comprehended  both  tJie 
ranic  cantery  and  electrolysis. 

1.  TsE  Galvakio  Cadtert.  a.  BaHtrit*  for  tfat- 
vanic  tauterUati<m.—'We  have  already  seen  that,  for 
utilising  the  talorific  effects  of  galvanism,  a  fbw  colls 
witli  large  surface  are  the  be«t  appantus,  as  tlio 
essential  resistance  of  the  circuit  is  proportionately 
slight  in  such  nn  arrangement  (p.  51],  The  batteries 
principally  uovd  for  the  galranic  cautety  are  the  fol- 
lowing : — 

Midileldorpff**  apparaiv*. — This  consists  of  four 
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large  cells  of  Grove's  battery  (d  &nd  0*  contained  in 
four  different  coiiipartniimtg  of  a  wooden  box.  Tbe 
c^liadera  of  zinc  are  placed  in  cjlinders  of  glaw  eon- 
toining  dilated  sulpbnric  acid,  and  have  a  surface 
of  S12  aqaare  incbea.     Inside  tbe  itiuc  are  placed 
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celU  of  un^lazed  porcelain,  filled  with  nitric  acid, 
for  tbe  reception  of  the  platinnm  platen.  Eiich  pLale 
consists  of  three  {larts,  bent  double,  so  as  to  form  a 
star  of  aix  rajs  (f  m),  tJie  Burfiico  of  which  amounts 
to  250  square  inches.  Botli  zinc  and  platinum  are 
fttraished  with  contrivances  for  fixing  tJic  conducting 
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wires.  In  the  centi«  of  the  box  ia  the  commutator 
(a),  which  contains  eight  small  cups  for  tlie  recoption 
ofmcrctirj',  which  it«e1f  rccoiTcsthoconductin);  wires 
(i)  cominp  from  tho  zincfl  (zzzz),  and  platinnma 
(pppp),  and  fixed  hy  means  of  a  screw  arrangement 
(k  m).  At  the  points  h,  g,  the  first  platinum  and 
the  fourth  zinc  wire  merge  into  tJie  wires  n,  n,  which 
eatahliah  metallic  connection  (oo,  pp)  with  the  place 
where  the  conducting  wires  connected  with  the  in- 
stninionts  ar^  insorted, 

Middeldorpff  's  apparatus  ia  a  very  powerful  one, 
bat  ex1a«mel}-  dear  and  tronbleaome  to  manage ;  and 
it  ban  therefore,  ou  the  whole,  not  found  much  faroar 
with  the  profossion. 

Or«ntl'»  apparatv*. — This  machine  (Pig.  30),  which 
is  generally  used  in  France,  but  scarcely  at  all  in 
England  or  Germany,  is  a  modification  of  Bnnsen's 
battery,  and  as  such  furnishes  npowerAil  current.  It 
consists  of  nine  nine  plates  and  six  carbon  plat««,t]iree 
plates  of  itittc  being  oonncct^^  with  two  of  carbon. 
The  exciting  liquid  ia  one  part  of  sulphuric  acid,  with 
Ere  parts  of  water,  and  100  grammes  of  bichromate  of 
potash  dbsolyed  in  a  litre  of  the  acidulated  water, 
^niis  being  a  strong  charge,  the  battery  would  bo 
rery  Inconstant  if  there  were  not  an  ingenious  con- 
trivance for  keeping  tliv  liquid  in  a  stato  of  constant 
agitation  by  blowing  nir  into  it  with  a  pairof  bellows. 
After  this  has  bocn  done  ibr  a  few  seconds,  the  wire 
is  rendered  incandescent  Grenet's  apparat<is  is  too 
bulky,  and  the  arrangement  of  liquid  and  plates  not 
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enongli ;  nioreorer,  it  genenllr  roquiroe  to  be 
Pdiscluu^ed  allor  Imring   been    used,  or  it  will  not 
Bf^otn  act  enailjr,  and  tb«  work  of  the  aseiataQt  who 
to  manage  the  bellows  is  genertillj  Yerj-  hear;. 


Fig.  30. 
I  beliere  to  be  the  chief  reasons  wh^  the 
has  not  fonud  favour  oat  of  Pnuico. 
BtoAr^'t  apparaivi. — This  consists  of  six  pain  of 
Btmsen's  battory,  charged  with  nitric  and  dilated 
eulphoric  acid.  It  is  poweHid,  and  not  nearly  so 
expensive  aa  Middeldorpff's  apparatus.  A.  re^itator 
allows  to  modify  the  intensity  of  the  cnrrent  in  an 
Misy  manner;  and  aa  the  platea  may  bo  lifted  out  of 
the  liqnid  after  use,  tlie  battery  is  mora  constant 
tlion  (irenot's. 

Fovea\tx^»  baittry. — This  is  composed  of  four  large 
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plaice  of  Smoc's  battery,  charged  with  diluted  sol- 
phnric  acid.  By  nwans  of  a  screw  amiiii^nicnt,  the 
plsteB  tnav  be  lifted  out  of  the  licjuid  when  the 
apporatos  is  not  in  use,  so  that  the  batter;  is  always 
ready  to  act. 

b.  EtnirofUt,  and  tnodt  of  tuing  litem, — An  mttrn- 
ment  which  is  frequeutly  U8e<l  is  Prof.  UiddcldorplTB 
cautoruicr.*  This  consists  of  a  wooden  luuidJe,  which 
can  bo  separated  in  two  latoral  halves,  and  is  tn- 
rersed  throughout  it«  length  by  two  gilt  copper  Wires, 
which  convey  the  corrent.  One  of  these  wires  is 
divided  in  two  balres,  which,  if  separated  from  each 
other,  give  no  effect;  while  by  uniting  them,  which  is 
done  by  turning  a  screw,  the  circuit  is  estnbliiilied. 
At  the  posterior  end  the  wires  are  connected  with 
the  poles  of  the  batteiy;  while  at  the  anterior  end  a 
platinum  wire  is  inserted,  which  is  rendered  incan- 
descent as  soon  as  the  circuit  is  established.  To 
this  platinum  wire  differeut  forms  may  be  given, 
according  to  the  sliape  of  the  tissues  upon  which  we 
desire  to  act.  The  instrument  may,  therefore,  be 
introduced  while  cold  into  a  cavi^;  when  it  is  in 
the  right  phice,  the  circuit  is  made  by  uniting  the 
two  parts  of  one  of  the  conducting  wires ;  canberisa- 
tion  Uien  takes  place,  and  may  be  at  once  diacon- 
tinaed,  by  separating  the  two  parts  of  the  wire,  after 
which  the  inatnimeut  can  be  removed  without  injury 
to  the  cngans  touched  by  it. 

Ftof.  Hiddeldorpff  has  also  constructed  a  gal- 
•  thr  Qalnookaiutik.    Bntkn.  lib*. 
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porte-ligature  and  a  gmlTanJc  eeton ;  the  latter 
DDsisto  of  platisnm  wii«s  of  different  diameter, 
rhich  are  coi]dact«d  by  meaaa  of  needles  through 
tissnes  as  are  to  be  sabjected  to  the  acUon  of 
cautery. 
If  it  is  intended  to  ooncentrate  the  beat  evolved  by 
galmnic  currout  over  a  considerable  suHaco,  an 
stmniont  invented  by  Mr.  Ellis*  mil  prove  u^ful. 
'The  body  of  this  instrument  in  formed  by  a  eilver 
catheter,  Btraigfatened  out,  and  the  end  cut  off.    At 
llhe  upper  end  the  catheter  is  alit  open  and  broached, 
MO  as  to  form  a  socket  for  the  porcelain  caatertRer. 
[Two  oonducting  wires  connected  with  the  poles  of  a 
llnttery  are  plocud  wiUiin  the  catheter;  their  free 
[extremities  are  connected  with  a  piece  of  platinnm 
wire,  which  ia  coiled  around  the  porcelain  in  order 
to  render  this  incandescent.    The  porcelain  niuiit  be 
brought  to  white  heat.    Mr.  Ellis  hnfl  employed  this 
I  instntment  in  induration  of  the  os  and  cervix  uteri, 
in  ulccnition  of  the  os,  proUpsos  uteri,  and  prolapsus 
of  the  ant4.>rior  wall  of  the  vagina.     In  coses  of  this 
kind,  a  glass  Bpecnlum  coated  with  gum-clastic  Ea 
first  introduced  into  the  raf^na;  tlie  os  is  then 
[oleoued  with  a  piece  of  wool,  the  cautery  heated, 
land  quetichi^l  in  the  dLsoa«ed  tissue;  the  duration  of 
the  application  and  the  depth  of  its  introdootion 
depetuling  upon  the  effect  required.    Eschars  an 
easily  produced,  and  the  cervix  uteri  is  often  seen 
iDtioct  under  the  application  of  the  cautery. 
•  The  UpmI,  1869.  Vol.  U.  ^  601. 
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2.  The  Eleetrotyiic  Trealmml  of  Snr^cal  Ditentrt. — 
All  batterieB  which  bav«  been  described  tmdcr  the 


heeding  of  constant  batteriea,  for  the  medical  appli- 
cation of  the  contiauous  current,  ta&y  be  tuefiilly 
employed  for  electrolysis. 
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The  Attthor'a  Batiery  for  Electraiytit. — ^This  ooDsisU 
of  fifteen  cella  of  Dauiell'a  buttery,  ao  modified  Uutl 
ihe  porous  cell  oud  Uie  ponHtlaui  rtise  buTe  heen 
dispensed  with,  Ui«  latter  beiup  replaced  by  tuI- 
canito,  whicli  is  much  lighter  luid  quite  as  durable 
as  porcelain ;  while  the  former  is  compeosated  for  by 
tlie  oopper  of  the  jinJr  beia^  perforated,  and  the  hoW 
filled  np  with  leather,  which  ia  easily  peoetruted  by 
raMStore.  The  zinc  is  then  immerMxl  into  water, 
the  copper  voh&oI  being  filled  with  a  solution  of 
sulphate  of  copper;  and,  in  order  to  prevent  the 
fioids  &om  spilling  when  tlie  battery  is  carried 
about,  they  are  intimately  mixed  with  sawdust,  bo 
that  a  dr>'  pile  i*  produced  which  is  nearly  as  cB'ec- 
tire  as  the  ordinary  arrangement.  The  current  fur* 
niahed  by  this  battery,  if  carefully  charged,  continues 
reliable  for  two  or  three  months.  During  the  whole 
of  tlutt  time  no  tJiouglit  need  be  given  to  tlie 
battery,  which  is  always  ready  to  act,  and  only 
gmdoally  loses  a  oertuin  amount  of  iu  int«nsity. 
Every  two  or  three  months  it  should  bv  taken  to 
pieces,  the  sine  cleaned,  and  a  fresh  solution  of 
sulphate  of  copper  substituted  for  the  one  previously 
used.  The  weight  of  the  battery  is  about  thirty- 
five  pounds,  and  it  is  thus  sufficiently  light  to  be 
taJccn  in  and  out  of  a  patient's  room.  Ho  acid 
fumes  ore  developed,  and  the  inHtnimeut  is  by  do 
means  unsightly. 

I  was  first  led  to  adopt  the  electrolj'tic  treatment 
for  the  treatment  of  tumours  in  consequence  of  a 
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Mrim  of  microaeopieo]  obaetrAiiong  I  m*de  somej 
time  Rgo,  on  tlie  cbtuiges  which  iioiiRol  struc* 
tnros  under^,  oiuler  the  influonoo  of  the  chemical 
action  of  the  conttnnotia  galranic  eorrent  No  obacr- 
TfttioiLfl  had  previoaely  be«n  made  bj  any  otlior 
observer  in  this  department  of  microacopical  reaeart-h ; 
and  knowing  Oie  powerftil  electrolytic  eff«cta  of  the 
COntiiiuoua  current,  I  ezpoct«d  to  orrire  at  some 
carious  results  in  undcrt&kin^  thcM  invcctigatioat. 

I  huvc  HtudtL-d  the  action  of  the  current  upon  tliel 
intimate  structure  of  the  skin  and  oellular  tiun^] 
muscular  Gbres  and  tendons,  cartilages  and  bones, 
lirer  and  pancreas,  spleen  and  thyroid  body,  kidneys^  j 
and  suprarenal  capsules,  t««ticlcs,  breast*  and  orariMt] 
The  general  result  of  these  inTCstigatione  hai 
that  no  animal  tissuo  whatevwr  can  withstand  thA 
disintegrating  effect  of  the  negatire  pnle,  and  that 
the  force  and  rapidity  with  which  this  disintegration 
is  brought  about  are  directly  prnportional  to  the 
electro-motire  force  which  is  employed,  and  to  the 
0oflne«s  and  Tascalority  of  the  stmctures  noted  upon. 
Thus  ten  cells  of  a  battery  hare  a  more  thorough  and 
rapid  effect  tlian  fire,  Bfteen  more  than  ten,  and  . 
on ;  while,  as  regards  the  tissues,  those  containing 
most  water,  such  as  the  muscles,  the  cellular  tissue,j 
the  spleen,  &c.,  are  more  rapidly  diHintcgrated  tbi 
those  which  contain  loss  fluid.     Bones  and  tocth 
withstand  the  action  of  the  current  for  a  consider- 
able time. 

A  most  carious  and  novel  circumstance  forced 
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itoelf  eiurly  on  mj-  ftitvation ;  and  this  van,  ih&t  the 
electrolytic  action  of  Uie  ne^tive  pole  on  ammal 
tissoes  was  mainlj'  composed  of  two  different  ele- 
inentA,  riz.  of  the  laectmiucnl  action  of  the  nascent 
hjTiIrojrvD,  wliicli  wa«,  iind«r  tlio  niicrMoope,  seen  to 
rise  in  inoumeraUe  bubbles  as  soon  as  the  circait 
waa  closed,  and  to  force  itself,  as  it  were,  between 
tlie  fltrnctural  elements  of  the  tissaea,  driving  tbeir 
fibres  niecbauically  asunder ;  and  secondlj,  of  the 
chemical  action  of  the  lUkaliea,  8odl^  potasb,  and 
litne,  wliicli.  togetlier  with  hydrogen,  are  developed 
ftt  the  n^^tive  pole  of  the  batteiy. 

No  galrauic  heat  is  produced  if  the  current  is 
applied  in  anch  a  manner  that  the  whole  body,  or 
part  of  tlie  body,  or  animal  li(|uid8,  are  phuied  within 
the  circuit  of  the  batlety ;  as  is  done,  for  instance,  if 
a  Dee<lle  connected  with  the  negative  pole  is  inserted 
into  the  depth  of  a  tumonr,  while  a  moistened  con- 
ductor ooiitiectcd  with  the  positire  pole  is  phieal 
oHtjtide  on  the  skin.  This  is  proved  by  tlio  fol- 
lowing expi-riment: — I  iminersod  the  two  poles  of 
the  batter)',  at  a  certain  distance  from  cnoh  other, 
into  blood,  thus  letting  the  current  travel  from  the 
positive  to  the  negative  pole,  and  rice  ferarf,  and  I 
thitn  read  off  the  temperature  at  the  poles  as  well  as 
in  the  liquid  ihwif,  on  a  Ncgrctti  and  Zambrn's  ther- 
momet«.T,  which  allows  variations  of  one-tenth  of  a 
degree  of  Fahrenheit  to  be  distinctly  determined. 
Ihow  I  found  tlmt  whether  I  used  five,  ten,  fifteen,  or 
twenty  cells  of  the  battery,  no  elevation  of  tempera- 
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tiire  look  pince.  Tlie  effects  of  ft  current  adtiiinit- 
t^Tvd  ill  tliis  *v«_T  1"^'  tliorefore  siniply  oUTtrolylic, 
uikI  liuTc  noUiing  whatever  to  do  yrith  the  galnuiic 
caatery. 

Seeing  tliat  soch  powerful  effects  were  prodi 
at  the  negative  pole  on  atructnres  talceii  out  of  t1 
hotly,  I  via»  nattinilly  anxlonfl  to  enqnire  what  woald 
be  the  i^lFect  of  the  same  in  the  liring  body.  Having 
procured  some  eorj/era  viliOf  viz.  frogs  and  rabbits, 
I  found  that  the  eSWits  were,  to  a  certaiu  extent, 
identical  with  those  fihtained  on  dead  sb-iictures ; 
only  with  this  difference,  that  in  the  warni>bloi>ded 
luiimnl  the  action  watt  more  mpid  and  energetic, 
which  ia  explained  by  the  fact  that  water  nt  a  tem- 
peratore  of  OS*  conduct*  electricity  bt-tter  than  water 
at  6(f.  While,  however,  the  immediate  effects  of 
the  current  were  nearly  the  same  in  dead  and  living 
stmcturea,  considerable  changes  in  the  nutrition  of 
the  parts  were  obserred  a«  pruxiiuiito  and  remote 
seqiiclnr  of  Ruch  operations  in  living  animals. 

It  was  tlien  observed  that  needles  eoiinected  with 
the  negative  pole  of  the  battery  oonld  be  InBertwl 
into,  and  removed  &ou,  the  body  without  causing 
any  loss  of  blood ;  that  the  current  used  did  not 
appear  to  give  any  pain  to  the  animal  Iwynnd  what 
WM  dne  to  the  introduction  of  the  niivllcfi  throa:;h 
the  skin  :  and  that  the  parts  operated  upon  shr^iik 
sensibly  after  tbe  operation,  but  that  tliere  was 
neither  inflammation,  suppuration,  nor  slonghing. 
If  the  negative  pole  was  mode  to   act  upon  blood- 
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TOs«cU,  it  vaa  foaiul  that  tkey  were  filled  vitli  a 
rorei(;ii  body,  duo  to  disinbugrntion  of  the  blond.  luiJ 
round  n-bich  aftvnrards  n  slow  dupOAitiou  of  laiiieU 
Iftti-d  Gbriiiu  toulc  [iloce  ;  the]*  wci«  Uiun  chnn^d  into 
solid  strio^  wherever  the  uiurviit  luul  been  made  ti» 
act.  It  appeared  fair  to  conclude  from  theae  obser- 
Tutioiw,  thai  tlie  curreot  could  be  safeljr  aud  succew- 
ftillj  applit-d  to  sufli  [Kirts  of  the  body  wliorr-  shrink- 
ing and  disintei^tion  of  ti«tuo  and  obltti-mtion  of 
blood-reesels  might  be  required  for  tiui<g:ical  purposes. 
I  will  »ow  aay  a  few  words  about  the  instruments 
whioh  I  i.'ni{'l<>y  for  conreytog  the  galranic  current 
bto  the  dupth  of  tlie  tissues.  The  prototype  of  all  is 
a  line  needle  of  gold  or  gilt  steel  for  Uie  negative 
pole,  the  circuit  being  closed  by  placing  a  moistened 
sponge  connected  with  the  positive  pole  outside  ou 
ths  skin. 
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Most  of  the  oth«r  instruments  are  roodtflcotions  of 
Oa  needle.  I  use  conductors  fhtm  whioh  two,  four, 
uz,  and  eight  needles  arc  made  to  branch  off,  to  suit 
the  requirements  of  the  different  cases  as  they  pre- 
sent themsolrcs  (Pigs.  Si),  34,  36,  36).  Sometimes 
rircidnr  iihaped  conductors  ore  required  (Figs.  :)7  and 
a^).  For  ihe  treatment  of  piles,  or  oloers,  conductors 
with  a  larger  surface  are  better  suited ;  riz.  Uuut 
blades  (Fig.  '^),  and  round  plates  of  diffirri'nt  siice 
(Fig.  40).  All  tJieae  conductors  aro  ma<Ie  of  gcJd  or 
gilt  metal,  and  insulated  by  ebonite. 
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The  electrode,  liowerer,  which  U  most  uniTersalljr 
uavliil  13 — the  scrf(t-jini*  tfnuttu;lor  (Fig.  -II),  which 
allows  the  introdaction  of  from  one  to  six  needles  ad 
Ubitttm,  luid  in  any  direction  tlnit  may  be  required. 
It  consists  of  u  oondactiog  wire,  which  at  its  end  it 
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niudc  to  brtnch  off  into  six  or  more  conducting  wt 
of  cquul  dinjuetcr,  tho  ends  of  wliich  iire  ooniic 
with  serres-finos,  by  means  of  which  the  heads  of  the 
needles  may  be  grnapcd  after  their  introduction  into 
the  substance  of  the  tumour.  Single  needles  are 
introduced  more  i-uadily  into  the  depth  of  the  tisaueH 
than  connected  rows  of  needles;  besides  which,  by 
means  of  this  iiiiitrument  the  needles  may  be  intro- 
dn(H-i]  in  nny  direction  tliat  may  appear  most  suitable, 
which  with  fixed  rows  of  needles  is  not  so  easily 
practicable. 
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The  introduction  of  needles  tlirongli  the  skin  must 
always  be  anpleasant  to  the  patient ;  I  therefore,  as 
a  mle,  render  the  skin  insensible  to  pain  hj  means 


Fig.  41. 

of  ether  spray  before  introdncing  the  needles.  Some 
patients  are  extremely  intolerant  of  the  ether,  and 
represent  it  as  very  unpleasant,  not  so  much  perhaps 
at  the  time  of  its  first  application  as  afterwards,  in 
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the  period  of  reaction,  when  the  frozen  sliin  rotuiDB  to 
its  Dormal  coiiditiou.  Sumelimes  the  alcin  remains 
red  and  peehi  off  aft«r  a  single  application  of  ether, 
Imt  in  most  cuwb  tlto  epraj  is  well  borne.  I  should, 
however,  bo  TCn,-  g\ad  to  har^  at  my  dispofiul  some 
other  ready  meaue  for  rendering  the  skin  inseusible, 
and  which  woold  be  less  irritating  than  ether.  I  am 
iuforuied  that  in  America  a  sabstitooe  colled  rhigolone 
is  now  extensively  ompioyed  for  producing  lowil 
uuBsthesia.  It  is  siiid  to  be  froe  from  the  effects 
inherent  to  the  ether ;  but  as  this  also  acts  by  pro* 
docing  intense  cold,  I  cannot  nee  why  it  should  hare 
tny  advantage  over  etlier,  for  it  is  not  so  much  the 
peculiar  kind  of  lijdro-carbon  employed  as  the  cold 
which  prodncc*  the  irritatioii. 

The  appUcatiou  of  the  galvanism  itself  is  not 
painful,  even  if  a  considerable  power  is  nsed.  Tt  is. 
however,  necessary  to  begin  with  low  power,  and 
only  gradually  to  iuerca«c  it.  By  thus  proceeding  the 
internal  parts  aro  gradually  benambed,  and  what 
might  at  the  first  moment  have  been  felt  as  a  seven; 
shock,  gives  no  unpleasant  sensation  whatever  if 
this  simple  precaution  is  adopted.  The  benumbing 
effect  of  the  galvanic  current  is,  however,  only  pro- 
duced where  the  current  is  applied  internally ;  outside, 
where  the  positiTe  pole  is  osed,  a  oensation  of  b^at 
aAd  pricking  is  felt  during  the  whole  time  of  the 
application. 

The  force  and  mpidity  with  which  the  disintegra- 
tion of  tissues  ia  brought  about  are  directly  projwr- 
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tioout^  to  tlic  otcctro-motivc  force  whicli  U  emplojed, 
and  to  the  soilness  and  nuculiiritv  of  the  slruclurea 
acted  upon.  Diseasea  in  which  the  electroljiio 
treatment  proves  valaable  are  chielly  ceft&in  tumours, 
dUoft»M  of  blood-vesseU,  aerous  eB'usious,  sti'ictures, 
and  woiiiids  and  ulocrs. 

The  Min-s  whioh  ujv  produced  in  the  skin  by  the 
uvgatiru  pole  resemble  exactly  tho«e  caused  by 
caustic  potiisb ;  and  tlie  sauv  may  bo  said  of  the 
cicatrices,  for  these  Latter  have  no  tendency  to  cod- 
tmct,  but  are  aofl  ajid  become  gradually  auuilar  to 
tlie  stuTouudin^  akiu,  so  that  after  some  lime  no 
trace  of  a  scar  is  perceptible,  unleM  the  action  was 
originally  very  prolonged  and  very  powerfuL 

Dr.  Golding  Bird  lias  reoommendod  the  prolonged 
local  application  of  a  (tiogle  galranic  pair,  to  produce 
the  i-'fTects  of  a  moxu,  la  all  coaes  where  a  persistent 
discharift-  from  some  part  of  the  body  ls  required. 
The  ^vanic  nioxa  is  employed  in  the  following  way: 
—The  cuticle  is  raised  ou  two  points  of  the  body  by 
meaus  of  blisters,  one  being  placed  a.  few  inches  below 
the  other.  A  piece  of  zinc  foil  is  then  appUed  to  the 
one  from  which  the  discharge  is  required, and  apiece 
of  silver  to  the  other,  both  uetals  being  cotiueot«d 
by  a  copper  wire,  and  covered  with  a  plaster.  If  tlie 
unc  plate  be  raised  a  few  hours  after  the  circuit  haa 
been  established,  the  surface  of  the  ekia  looks  whitish, 
as  if  nittute  of  silver  liod  been  applic-d  to  it.  In  4^ 
hnuffl  an  eschar  is  produced,  which  begins  to  sefianite 
four  or  live  days  aAcrwards.     The  eschar  a  formed 
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by  the  electrolytic  action  of  the  contdnnotis  current, 
in  consequence  of  irliicli  the  fluid  efftised  on  the  sur- 
fftCA  of  tlio  blister  is  decomposed,  nxlium  being  aet 
free  at  the  iilrer  pUte,  where  by  oxidation  it  npidty 
becomes  soda ;  and  chlorine  being  erolred  nt  the 
rino  plate,  where  confiwjuently  chloride  of  zinc  is 
formed.  The  chloride  of  zinc,  originated  by  ek-ctro- 
lytio  action,  prodaces  the  sore,  which  diBchargea  pus 
freely  if  «  common  poultice  be  applied  to  it.  While 
this  process  is  |?oiiig  on,  the  pnticnt  seldom,  if  crer, 
complains  of  pain,  probably  bcciiuso  the  caustic  acts 
in  infinitely  small  portions  upon  the  skin,  in  pro- 
portion aa  it  is  liberated. 


{Cj  Paeadi8atio».  T.  nistory  of  it. — The  discovery 
of  induction  currents  (1831)  canBcd,  us  it  were,  a  new 
era  in  the  medical  application  of  electricity.  The 
UM  of  the  Toltaic  pile  had  at  that  time  been  completely 
abandoned,  constiint  batteries  for  medical  UN  were 
not  in  existence,  and  the  striking  phenomena  shown 
by  small  and  handy  induction  machines  gave  rise  to 
the  belief  that  at  last  the  true  medical  electxicity 
hod  been  discoii'ered. 

The  flmt  induction  apparatus  suited  for  medical 
uiw  was  constructed  by  M.  Pixii;  the  first  physician 
who  employed  induction  ci)m*nts  for  thcrapeatical 
purposes  was,  acoDrdin^;  to  Qeiman  aatbots,  Dr.  Neef, 
of  Frankfort,  while  M.  Tripier  oscnbca  this  merit  to 
M.  MasHon,  of  Paris ;  it  was,  however,  ondonbtedly 
M.  Dnchenne,  de  Boulogne,  who,  by  bis  able  electao- 
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pbjsiological  researches  on  the  fonctionB  of  the 
tnnsdes,  gave  the  f^reate«t  impetu!)  to  the  study  of 
medicnl  electricity  in  oar  time.  Induction  iiuichineH 
for  ine<]ioil  uw,  both  rolta-filcctric  and  magiioto- 
clpctric,  wore  afterwards  conetructcd  by  Messrs 
Saxton,  Clarke,  Keil,  Stohrer,  Breton,  Da  Bois* 
Beymond,  Home  and  Thornthwaito,  Diichenne,  Le* 
g«ndre  luid  Morin,  Siemens  nud  Halske,  Bernard, 
BnuiTlnclior,  and  othotx.  In  tlio  oldiir  of  these  ma- 
chiuvs  nil  the  oonditions  necessary  for  thempeutical 
application  were  not  united ;  for  in  most  of  them 
only  the  current  indnced  in  the  second  wire  could  be 
ntilised,  and  the  iDt«i]sity  of  the  current,  n«  well  no 
thf  {p-«iter  or  lesser  rapidity  of  the  int«rmittences, 
could  not  be  well  regulated ;  while  in  those  of  more 
modem  constroction  the  neeegatiy  qualities  are 
geneniJly  found  oombin<^l. 

II.  Ifulnclitm  Machints  fiyr  mfdicil  «*r. — In  this 
plaev  I  shall  first  discuss  the  qualities  which  every 
Induction  machine  should  possess  if  it  is  bo  be  used 
for  therapeutical  purposes,  after  which  a  short  de- 
scription of  those  uiachinea  will  bo  giren  which  are 
principally  employed  by  mediail  men  at  the  present 
time. 

Th<>  question  has  been  often  asked  whether  the 
apparatus  should  be  an  electro-matrnetic  or  a 
magneto-electric  one.  Both  of  them  have  had  their 
pnnegyrist*  and  advcrsorie*. 

The  alleged  inconTcnienccs  of  electro-mujrnf-'Hc 
machines,  in   which  the  current  is  induced  bv  a 
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galmtiic  puir.  arc  that  they  ore  expensive ;  that 
troubk'Home  toanipuliLiiuns,  involriiig  low  of  time, 
precede  and  follow  the  use  of  the  machine ;  tliut  it 
is  not  ready  to  act  at  a  moment's  notice,  as  it  requires 
charing  and  discharging ;  that  acids  are  necessarjrj 
for  induciug  the  curreut,  wherehy  not  oulf  the  bat-  • 
tor}-,  but  also  the  coil,  are  rapidly  spoiled  ;  wliilc,  on 
the  other  huid,  magneto-electric  rotatioii  machines] 
are  praised  as  cheap,  alnays  ready  to  act,  and  not 
I'equirLug  acids  for  their  use.     Most  of  the  objections 
to  volta-eleotric  appumtuses  which  have  just  bceaj 
mentioned  arc  not  applicuble  to  the  more  recently 
constructed  maohine«,  ob  they  are    generally  not 
expensive,  ready  to  act  at  any  time,  witlioul  charging^ 
or  dischar^ng,  and  may,  with  some  UtUe  prccautiot 
bo  kept  perfectly  dean. 

Tlie  chief  inconvenienoo  coimectod  with  the  use  of 
magneto-electric  machines  is  that  the  operator  re- 
qaires  an  assistant  to  turn  the  handle  connected  with 
the  eudlees  dinin  of  the  appamtiu,  which  put« 
soft  iron  itniiiiture  in  rotntion.  This  iiicuuveuience,' 
which  ia  especially  ftdt  whenever  prolonged  apphca- 
tions  arc  ncceettury,  may,  it  U  true,  be  avoided  by  the 
subetitntion  of  clock-work ;  but  by  this  the  n^idity 
ctf  the  intermittences  cannot  be  so  eoaily  regnUted. 

AnoOter  drawback  to  the  magneto-electric  current 
is  that  the  eetuatiou  produeul  by  it  Is  &r  more 
aDpleoMUiC  ihnn  that  caused  by  electro-magnetism, 
which  is  due  to  the  circumstance  that  the  current 
induced  by  voltaic  electricity  rises  at  once  from  «ei 
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to  its  maximiim,  and  then  aa  quic-lily  fa]h  Imck  to 
lero;  wliile  tUe  variations  in  tlie  density  of  the 
tuagneto-etoctric  cuircnt  are  much  slower.  The 
oia^cto-fluctnc  cuircnt  b«giiu)  vrlica  tliu  aoft  iron 
oramture  is  withdrawn  from  the  pok-  of  the  iicrma- 
nent  aiagnet,  reaches  it«  moxiiuuDi  wbi^o  the  umiature 
is  between  the  two  poles,  and  is  finally  reduced  to 
zero  wlieii  tlie  armature  arriTea  at  the  opposite  ]>o!e  of 
the  magnet.  The  voItiKlectric  current  acts,  therefore, 
more  thoronglUy  on  the  motor  iiervex  luid  uiusclcs, 
and  less  diaagrMably  on  the  ounticnt  nerri.'A,  while 
the  ma^eto-electno  cmreot  has  a  more  jerkinfr  and 
spueniodic  effect  on  the  moaclee  and  sentient  nerves, 
and  if  applied  to  the  face  has  a  slight  but  decided 
action  on  the  ratina,  which  latter  is  scarcely  at  all 
atlV-ctud  by  th«  olectro-ma{:netic  corrent,  unless  this 
has  a.  very  hiph  tonsion.  The  ma^eto-electric  current 
is  certainly  more  useful  in  rheumatism  and  weakuesa 
of  sight  than  the  oleotro-ouignetio,  ottd  before  tlie 
coutinuouK  current  was  rc-tntroduodd  into  pntctice, 
tht!  magui'to-eluctric  current  was  the  one  moat  tiut- 
able  for  those  aBections ;  but  now  wo  should  olwayn 
employ  galvanisation  rather  than  faradisation  in 
Kuch  cases.  At  the  present  time,  therefore,  magneto- 
electricity  is,  strictly  speaking,  not  required  for 
medical  practice,  although  it  miiy  !<tiil  find  a  sphere 
of  u)iefiilne»«  where  no  constiuit  battvries  can  be  pro- 
cured. 

Do»e»  of  eUctrieitif  re^nire  to  it  tttatitj/  mtajnirtd  to 
suit  the  different  constitution,  age,  and  sex  of  the 
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pctient,  JDtt  Its  remedieo  for  internal  use  are  given 
hj  woight ;  tlierot'ori;  OTory  indnction  niiictiinc  should 
postiess  a  rL*|fiilu.tor,  by  mcuns  i>f  wliich  the  powvr  of 
the  current  may  be  easily  increased  en-  diminished. 
The  apparatus  should  be  able  to  fiimiali  currents  of 
rerjr  high  tension,  or  no  effect  would  be  produced  la . 
oertttin  cases  of  auicstlienA  and  hysterical  pnraljsis^' 
moreespeciallyivliei)  the  electricity  is  applied  to  spots 
where  the  epidermis  is  wrj  thick,  such  as  the  palms 
of  the  bands  and  the  aolcs  uf  the  feet ;  on  the  other  ■ 
band,  a  gentle  current  is  required  for  delicate  subjects,] 
and  when  acting  on  the  face  and  neck. 

We  bare  seen  tn  the  first  chapter  that  the  intensity 
of  the  electro-magnetic  current  depends  npou  three  i 
conditions,  viz.  the  intensity  of  the  inducing  cnrrcnfe* 
of  the  buttery,  tlie  tnuisYerse  section  and  the  number 
of  convolutions  of  the  nirc«,  and  the  quantity  and 
the  more  or  less  insulated  state  of  the  soft  iron  in 
the  centre  of  the  coil.  Conseqaently  a  current  will 
bo  powerful  if  the  battery  ia  strongly  charged,  if 
tJie  wire  is  long  and  fine,  and  the  soft  iron  employed 
consists  of  a  bundle  of  wires  corcred  with  a  layer  of 
varnish.  It  would  be  very  inconvenient  if  we  were 
obliged  to  vary  all  three  conditions,  especially  the 
length  of  the  wires  composing  the  coil,  whenever  it 
is  necewary  to  diminish  the  intensity  of  the  current. 
Before  the  researches  of  Professor  Dove  on  the  in- 
fluence of  a  closed  tube  of  brass  or  copper  on  the  power 
of  the  electio-magnct  wero  generally  known,  it  waaj 
eustonutry  to  partially  withdraw  the  soft  iron  iVom 
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tlio  ucu  of  tbe  coil,  wlicrubjr  the  intensity  of  ttie 
cnrreiit  vros  diniiiuHhe^  in  proportion  as  the  iron  was 
withdrawn ;  or  to  liave  [tortious  of  tlie  iron  conncctod 
sevontlly  with  meiallic  knobs  outside,  on  which  a 
band-pIuto  or  clock  in  connection  with  one  of  the 
pok'B  was  plac^  bo  aa  to  branch  off  «itber  a,  feeble 
or  a  i>ov;erful  current. 

It  is,  however,  more  convenient  to  ns«  the  hrmn 
or  copper  lube  as  regulator,  a»  it  allows  of  a  mnch 
nicer  gndnation  than  any  other  arrangement.  Bnt 
although  the  current  uiiijr  bo  rery  f«ubU>  when  the 
soft  iron  is  entirely  covered  by  tbe  tube,  it  may  still 
be  too  strong  for  some  cases ;  so  that  we  further 
require  the  interposition  of  an  imperfect  conduc- 
tor into  the  circuit,  whereby  the  resistance  to  tlie 
passage  of  the  current  is  iucroasod,  and  the  strengtlt 
of  the  current  thereby  still  more  reduced.  Tbe 
instroment  that  best  answers  this  purpose  is  a  glass 
tube,  the  ends  of  which  are  fnmbhed  with  metal 
eercws  for  receiving  the  conducting  wii-es  of  tbe 
apparatus.  A  metal  rod  is  freely  movable  in  the 
tube,  which  is  tilled  with  wut*.-r  as  a  had  conductor. 
The  further  tlits  metal  rod  bo  taken  out  of  the  tube, 
that  is,  the  larger  the  layer  of  water  that  is  to  be 
traversed  by  the  current,  the  more  the  power  of  tbe 
elecb'icity  iit  diminishvd,  so  that  at  last  it  will  no 
longer  be  felt  on  Uic  skin,  but  only  occasion  a  slight 
pricking  sensation  when  applied  to  the  tongue  or 
other  mucous  membranes.  The  same  insti-ameni 
may  serve  fbr  comparing  the  intensity  of  different 
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induction   nmchinos;   since,  if  Uic   layop  of  wat 
roiDuinB  the  same,  the  ourrent  furnished  hj  a  feeblo^ 
apparatus  vrill  not  cnime  ftny  sensation  in  the  tongue, 
while  the  current  of  a  powerfbl  one  will  be  at  once 
porccpiiWe  tliopc. 

Some  induction  machines  lire  so  exii^ntely  power- 
tal,  that  they  are  not  suit^iblc  for  tJieraiicutical 
pnrpOMB.  One  of  these  is  Rhmnkorff's  large  coil 
Dudiino,  in  which  th«  8t>cond  wire  is  three  milus  in 
lengtli,  whereby  the  current  acquires  a  verj  high 
tension. 

The  largest  coil,  however,  which  hiu  M  jet  been 
constructed  in  Apps'ti  instninivnt,  as  exhibited  at 
tlie  Polytechnic  Institution,  which  is  nine  feet  tea- 
inches  long,  and  two  feet  in  diameter.  The  len^ 
of  the  pTiiiia«7  wire  is  8,770  ynnls,  and  that  of  the 
»ocoudiiry  wire  150  miles.  Tlio  ooft  iron  in  the 
centre  of  the  coil  Is  Hro  feet  long,  four  Inchea  iikS 
diameter,  and  weighs  125  lb«. 

The  action  cri'  thi^  monster  coil  is  excited  by  48 
cells  of  Bnnsen's  battery,  each  chai^d  with  a  pint 
of  nitric  acid.  The  coil  yields  a  flash  of  light  29 
iudies  long,  and  capable  of  perforating  five  inches  of 
solid  plate  glan.  It  hits  been  used  by  Dr.  Bicbardson 
for  physiological  rc8ca,rchc-s ;  bat  it  woold  be  totalljj 
unsuitable  for  iberapeuticoJ  application. 

llie  intensity  of  the  magneto-electric  corrent  de> 
pends  upon  the  power  of  the  fixed  permiuient  he 
•hoe  magnet,  the  number  of  convolutions  of  tlie 
distance  of  tlie  soft  iron  aruiature  ftom  the  pol 
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of  the  millet,  and  tbc  Tolocitv  with  which  the  wheel 
is  tomed.  The  most  powerful  magneto-oloctric 
apparatas  wUicIi  han  been  constructed  is  that  of  Mr. 
Hcnlcj.  In  this  machine  there  an  two  permanent 
magnets,  each  of  which  is  composed  of  thirtjr  horM- 
shoe  Htoc!  tna^^ets  two  feet  and  u  half  lontr  and  from 
fonr  to  6ve  inches  broad  ;  the  induction  coils  attached 
to  these  magiietH  contain  about  six  miles  of  wire. 
The  tension  of  the  currmit  ciiyraUting  in  this  wire  is 
likowiw!  far  loo  high  for  therapeutical  U80. 

An  ituiuction  njtparahu  fit  for  mttliatl  \ue  thoK^^l 
fiirhiMh  two  eHtrenU,  viz,  the  prinwry  or  ezlni-^'iiHYm* 
of  (hi  IkifJt  i»w,  nnil  the  secondary  cwiTWti  of  the  Jina 
wire.  Dnchenni'  hiis  luid  stress  upon  the  fnct  tliat 
There  is  a  ditTLTonce  in  tlie  physiolo^oal  action  of  the 
primiiry  and  ticcondary  current,  the  former  of  which 
acts,  according  to  him,  chieflj  on  the  contractile 
power  of  the  muEtctes,  while  tlie  latter  haa  more  effect 
on  the  Bentient  nerves  and  on  the  retimv,  when 
ujiplied  hy  moistened  oondoctors  to  nny  point  of  the 
face  or  sciUp  animated  hy  tlie  fiAIi  pair.  Duchpnntt 
ha*  refem-d  this  difiercncc  of  action  to  a  special 
elective  power  in  each  of  the  ciirrents,  and  is  bonie 
out  in  this  iuppoaition  hy  M.  Bonrier;  bnt  no  donbt 
the  Tiew  first  put  forward  by  M.  Becquerel  *  is  more 
forrect,  viz.  that  the  difference  in  tlio  physiolofpcal 
eflvctfl  v(  the  two  carrenta  is  chiefly  due  to  the 
difference  which  exists  in  their  tension.  Dnctienne's 
obserrations  are  accurate  enougli,  bat  hia  explanations 
*  Tnili  dM  appUnttoM  rio  I'filMtricit^,  (Ic.     P>ri«,  tUT. 
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are  unsftttafiictorj,  ns  mncli  difference  natnrally  arises 
troai  th«  physical  condition  of  Uic  mres ;  a  current 
circnlfttin^  in  a  short  and  thick  wire  poMCSSM  luen 
t«u«ion  than  ooe  pacsin^  tbnxigh  a  lon^  luid  fine 
wire.  The  primary  cnrreat  has  therefore  only  a 
trilling  effect  on  the  skin,  which  offers  griMLt  resistance 
to  the  passage  of  electricity ;  and  more  efTfct  on  tlie 
coutnictile  pon-er  of  tfao  musclea,  which  are  better 
conductors  of  it ;  while  the  eccondiiry  current,  which 
possesses  a  high  tension,  does  not  only  powerfully 
affect  the  muscles,  but  also  tlie  skin  and  retina.  For 
the  Mine  reason  a  layer  of  water  ia  more  en«ily  tm- 
I'ersed  by  the  secondary  tJian  by  the  primary  cnrrenL 
Measts.  Breton  Fr^res  haTe  shown  by  an  experiment, 
in  which  the  arrangement  of  the  wires  wiui  modilii-rl, 
tiiat  the  effbct  which  has  been  iiltributed  by  Duoheuno 
to  the  secondoty  current,  may  be  obtained  from  the 
primary,  and  vice  vfT*d,  I  do  not,  however,  ocree  80^ 
far  with  M.  Becquerel  as  to  think  that  tension  alone 
explains  everything  connected  with  the  different 
phyniiolo^cal  action  of  the  two  currents;  for  it 
sliould  bo  recollected  that  the  priionry  or  extn-j 
current  always  morL>s  in  tlio  same  dirMtion,  and 
therefore  feebly  electzulytic  effects ;  while  the  second- 
ary current,  which  alternately  mores  in  different 
directions,  haA  the  electjy>lytic  effect  of' one  intermit 
teuoo  neutralised  by  that  of  the  next.  It  appa 
probable  that  this  uireumstAnce  is,  next  bo  the  differ- 
ence in  tension,  of  inHiimice  us  faraa  the  physiological 
offect«  of  iaduction  currents  are  concerned. 
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Aiiotlior  important  point  in  the  conttnietion  of  an 
induction  apparatus  i»  tbe  rliMlamr,  cut-currcnl,  or 
cofUact'hrfaker,  an  instrument  by  nrliicli  the  circuit  ia 
aucoe«sivt>ljr  opened  and  closed,  and  the  use  of  whioli 
ia  evident,  since  induction  ourreuta  exist  ouly  on 
making  and  breakiQg  the  circuit,  but  not  whilo  it 
remains  closed.  The  rheotomes  mostly  usod  are  the 
toothed  wheel,  the  mercury  rheotome,  and  the 
liainmcr. 

B.  TMlhed  Whrnl—The  axia  of  a  toothed  wheel  is 
connected  with  one  pole  of  the  battery,  while  the  other 
la  placed  in  contact  witli  an  elastic  plate,  which  rests 
against  tlie  teeth  of  the  wheel.  At  aooa  u»  a,  rotatory 
morement  is  impartud  to  tJio  wheel,  by  means  of  a 
handle,  the  eliistac  plato  leaps  from  one  tooth  to  an- 
other, and  each  leap  produces  a  rupture  of  the  circuit, 
which  IB  immediately  closed  i^fuin ;  so  that,  if  the 
motion  of  the  wheel  in  continued,  a  suceesaion  of  in- 
terrupted current*  is  eanticd,  which  is  slow  or  rapid 
aooordiog  to  the  veloci^  with  which  the  handle  is 
itimed.  Although  this  instrument  is  ingenioua,  it 
presents  tlie  incoDvenience  of  not  being  self-actiug, 
and  requiring  on  uwistant  to  put  it  in  motion. 

tk  Mereury  Rhtctom*. — Tbia  constats  of  two  insu- 
lated vefsela  filled  with  mercury,  two  needles,  and  u 
rod.  "Div  ueedles  are  parallel  with  each  other,  and 
fixed  transTtrsoly  to  the  rod,  which  can  be  moved 
more  or  less  rapidly  by  tJie  hand  or  by  clock-work. 
The  circuit  is  closed  when  the  Deedlcaareplaogcd  in 
tbe  two  f  CttieU,  and  opened  if  tbe  contact  between  the 
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nMfUes  and  the  tnercnrj'  is  broken.  At  thi;  moment 
ttie  needles  emerGre  ^m  the  mercory,  a  spftrk  u 
produced,  by  wlucli  the  luercnrj  is  oxidised ;  its  «ii^ 
tkce  ii  Uicrcfore  soon  covered  with  a  black  powder  of 
suboxide  of  mercurj,  which  prerenta  a  perfect  contact 
between  the  needles  and  the  liquid  metaL  It  is  ob- 
vious that  a  rbeolome  which  is  rapidly  spoilt  by 
the  action  of  the  cunent  is  devoid  of  practical 
importance. 

c.  The  Hammer. — This  oontrirance,  which  waa  In- : 
ventvd  b;  I>r.  Noef,  of  Frankfort,  and   nuulc  moral 


generallj  known  by  M.  de  la  Rive,  to  whom  the  in- 
%'eiition  is  sometimes  wrongly  attribate<l,  ts  tlie 
of  oil  rheotomea  hitherto  constructed,  ii4  it  is  self- 
acting  and  nearly  indestructible,  allows  of  ret; 
rapid  or  slow  interruptions  of  the  current,  and 
moreover  notably  increases  the  physiolo^cal  e&W:t 
of  the  same.  The  hammer  (d  b)  consists  of  a  suuU 
stem  of  soft  iron  placed  beneath  or  above  the  in- 
dnction  cotl  (b)  ;  one  end  of  this  istvm  is  fixed  to  a 
piece  of  metal  (n")  outaidc  the  coil,  while  the  other 
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end,  irliich  b  moTiNkble  (e),  is  pat  in  motion  bjr  the 
tempomry  mii^ctiein  of  the  sofl  iron  (C)  in  tbfi 
centre  of  the  «oiI.  A  platiaum  spring  is  soldered  to 
the  lower  vnrface  of  the  hammer,  and  rests  upon  a 
piece  of  copper,  likevrise  covered  with  platinum.  The 
metal  stem  communicates  with  one  of  the  poles  (n) 
of  the  batter;  (a),  and  tlie  piece  of  copper  coTered 
with  platinum  with  the  other  pole  (p).  Hence  It 
result*  that  the  circuit  is  closed  each  time  that  tiiese 
come  in  contact  with  each  other,  whercbj  the  soft 
iron  in  the  centre  of  the  coil  is  ma^etised,  and 
therefore  attracts  the  moveable  end  of  the  hammer. 
In  consequence  of  this  the  circuit  is  broken,  siuoe 
the  contuct  between  the  sprinf;  of  platinum  soldered 
to  the  lower  surfaee  of  the  hammer,  and  the  piece 
of  co[^er  covered  with  platinum,  has  ceased.  The 
central  soft  iron  therefore  loses  its  magnetism,  and 
the  hummer  drops  hj  its  own  weight  into  its  previous 
position.  The  circuit  is  thus  a^ain  closed,  owing 
to  which  the  soft  iron  regains  its  magnetism ;  the 
hammer  is  then  once  more  attracted  to  the  electro- 
magnet, and  tlie  circuit  again  interrupted.  At  c«ch 
interruption  a  small  s[)ark  passes  between  the  two 
pieces  of  platinum,  which  causes  this  metal  to  be 
slowljr  oxidised.  Tlie  aurface  of  the  platinum  there- 
fore requires  to  be  occasionally  cleaned ;  but  a  welU 
constructed  hammer  may,  to  all  intents  and  purposes. 
be  said  to  be  indestructible. 

The  physiological  effects  of  induction  currents 
differ  according  to  tlie  rapidity  witli  which  they 
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succeed  each  other.  A  rapiclly-inteiTuptecl  oxurent 
has  more  effect  on  the  nutrition  and  tuiiicitjr  of 
pai-aljsed  muacka  and  on  the  sentient  nerves  of  tlie 
skin,  than  one  tliat  is  slowl^'-inteirupted ;  bnt  in 
cases  whore  there  are  iiuj  syniptoina  of  irritAtion,  and 
likewise  in  very  delicate  persons,  slow  intermittcnces 
axe  preferable ;  every  good  induction  apparatus  should 
therefore  be  famished  with  a  contrivance  for  chan^ng 
the  rate  of  snceession  of  the  currents.  This  is  gene- 
rally accomplished  by  working  a  screw  (u'  Fig.  42), 
which  withdraws  the  spring  of  platinum  soldered  to 
the  hammer  &oin  the  piece  of  copper  covered  with 
platinum.  If  the  distance  between  the  two  is  small, 
the  cuiTents  succeed  each  other  rapidly ;  if  it  be  in- 
creased, their  succession  is  retai-ded.  The  differences 
in  the  slow  or  rapid  succession  of  induction  currents 


Fig.  48. 


are  readily  distinguished  by  the  different  mmical 
sounds  produced  by  the  play  of  the  hammer. 
Fig.  43  shows  a  somewhat  diffcruut  arrangement  of 


FARADISATION. 


357 


the  hammer,  a  and  h  nte  coils  of  copper  wire,  in  tlic 
centre  of  which  itofl  iron  wire  (c)  is  placed,  -f  is  the 
dunp  for  the  positive  wire  of  tlie  Uittery,  —  for  the 
negative.  Ir  is  the  st^ra  of  sofl  iron  fixed  to  one  end 
of  a  lerer  (e),  and  placed  above  the  Boft  iron  of  the 
coil.  /  is  the  platinum  point  towards  which  the  lever 
moves,  and  h;  means  of  which  the  current  proceeds 
to  the  bru«8  rod  d,  from  where  it  retuniK  to  tho  bat- 
ter;.  k  is  the  spring  bjr  meons  of  which  the  lever  e 
is  bronght  in  contact  with  tho  platinum  point,  white 
t  represents  a  screw  which  regulates  the  tension  of 
the  spring. 

Scverul  otlier  contrivances  have  been  proposed  fen* 
effecting  a  continnons  interruption  of  the  induced 
current,  nncli  as  Muelzel's  in^trououie,  which  ts  used 
by  muticians,  etc. ;  but  the  hammer  is  superior  to  any 
other  arningement>  and  has  therefore  heeu  univer- 
sally adopted  by  mechanicians. 

I  HOW  proceed  to  describe  very  shortly  some  induc- 
tion machines  which  ore  at  present  or  were  formerly 
commonly  used  in  medical  practice. 

a.  EUftro-maynelir.  Uitcliinrt, —  The  apjmraltt  of 
Necfand  Wagtur  (Fig.  44]  is  of  historical  interest^  as 
it  was  the  first  of  this  kind  which  was  used  in  medicine, 
o  -f  i«  the  pof  itivB,  9  the  negative  wire,  b  and  d  are 
cups  filled  with  mercury  for  the  entrance  of  the  wires. 
/  is  tlie  commencement,  e  tlie  end  ot  the  coil,  r  is 
the  hammer,  and  m  a  copper  wire  which  connects  the 
hammer  with  tho  cup  d.  As  soon  m  the  battei7  is 
connectetl  with  the  coil,  ft  musical  sound  indicates 
that  the  machine  is  acting. 
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Id  Du  BoU-Rvynumd'a  ajtpaivtna  (Fig.  45)  the  bat- 
tery ifi  one  of  Bunsen's,  Daatdl's,  or  8toht*r'a.  A  is 
i»  olamii  for  rec«iniig  tlie  negstira  vitv  of  Uie  batUi^t 


FiR.  u. 


Bftspinil  of  wire  vrounil  round  a,  soft  iron,  alisped  like 
a  lioracslioe,  c  the  coil  filled  with  soft  iron  wire,  and 


■nrrcKinded  hj  spirals  of  copper  wire,  and  o  tlie  end 
oftJuswir«.   E  IB  a  piece  ofbrua  which  supiwrtsD  and 
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tlie  fixing  screw  f,  which  Is  pointed  vritli  platluuui. 
The  poditivv  wiro  of  tlio  butU-rj'  }>ruCc-LiU  to  u  jiilliir 
of  btUM,  0,  which  at  its  top  receives  the  hammer,  B, 
aud  the  circuit  is  successively  made  aud  broken  by  u 
coming  in  contact,  first  with  r,  mid  then  with  b.  i 
is  the  '  sledge,'  a  cylinder  whicli  tiuiy  slide  ou  bmss 
raiU  OTor  p4rt  or  the  wholu  of  thv  coil  c,  nitd  thus 
r^ulatM  thu  intoueity  of  the  currout.  The  sccoudury 
cnrrBiit  may  be  c«>Uected  from  the  clumps  connected 
with  I ;  the  clamps  giving  the  priniarj'  current  ar«  not 
represented  in  the  annexed  diagnuu.  Du  Bois'  apjMi- 
mtus  is  excellent  for  the  consultiug^rooui,  but  not  so 
good  for  out-door  practice. 

Si^fMiu  ami  llaUJcr'a  iHttntmatl  (Fig.  iG)  is  a  modi- 
fication of  Di)  Bois'  appariitus.     a  a'  ftre  clamju  for 


recijivinp  the  conducting  winsa  of  the  buttery,  and 
connected  with  tbe  primary  wine  of  the  coil,  s  in 
tJie  hammer  fixed  to  the  pillar  a  ;  r  is  the  acrcw  fiir 
malting  the  current,    o  is  the  bundle  of  soft  iron  wire, 
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CODtoined  in  the  cylinder  b,  d  the  soft  iron  wir«  in  the 
form  of  a  horseshoe,  as  in  Du  Bois'  upparBtua.  b'  is 
the  coil  of  fine  wire  fomishiiig  tho  secondary  curr«iit{ 
the  sledge  being  arranged  a»  before. 

B«mdicV$  api>arattu  (Fig.  47)  is  lifeewise  «  modi- 
floatjon  of  Du  Bois'.    The  current  ent«r8  ala  b;  i  ia 


the  coil  of  thick  wire,  ii  the  coil  of  fine  wii-e ;  c  i' 
yield  the  primary,  e/the  secondary  current. 

Dtuhmuiti't '  voita~/aradu:'  apparatiu  (Fig.  48)  18  put 
[n  action  by  a  Bunten'a  batteiy,  which  is  contained  in 
the  lower  drawer  of  the  wooden  bos  n^pruscnted  in  1 
annexed  lUagram.  a  and  li  arv  copper  pLatee,  connect^ 
log  the  positire  and  negative  poles  of  the  battery,  by 
meauAof  the  plntinum  pieces  c  d,  with  the  primary coiL 
K  is  a  tootht-d  wht.t'1,  by  which  the  current  may  be  veryj 
slowly  interrupted :  H  I  ia  the  hammer  which  nllov 
of  nipid  intermittencea.  s  r  yield  the  secondary 
corrent,  l  ia  the  copper  tube  which  regulates  tha 
atrengrth  of  the  current,  o  is  a  glass  lube  filled  with 
water,  by  which  a  ftirUicr  diminution  of  the  power  of 
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the  current  may  l>e  effecti-d,  Duclieime's  appaiBtiu 
is  too  large  and  heavy  for  ont-door  practice,  but 
vould  be  a  good  iustnunent  for  the  consaltiug-room^ 


I 
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if  pot  ia  action  by  a  different  battery,  aa  the  one 
OBcd  fa  It  require*  charging  and  discharging  every 
day. 

Leg«Hdrt^a  appttratut  U  very  g^^nerally  tisod  in 
France,  on  account  of  iu  portability  and  cheapDeea* 
It  is  a  good  apparatus,  and  one  that,  if  kept  in  proper 
order,  nerer  fails  U>  act.  It  Aimishes  ll>o  primary 
and  eecondary  current,  has  a  brass  tube  for  rvgahiting 
the  power  of  the  current,  and  a  screw  anangoin«nt 
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for  roDd(n-in>;  the  intcniiiltonoes  mpid  or  alow,     Tb 
principiU  objc-ctiuu  to  it  is  tlw  batU'ry,  wlucb  u  oue' 
of  Bunsen's,  and  requires  daily  filling  with  nitric  iivid, 
whereby  the  apparatus  may  be  easily  spoilt,  unlc«i 
great  caru  be  taken  to  prereiit  this. 

StShrer't  apparal-m  has  tJie  a4lvantage  that  the 
battciy  docs  not  require  daily  nursing,  but  is  iJn-ayaj 
ready  to  act,  us  the  pliLtcs  may,  by  on  easy  ooutrivance,,] 
he  lifted  out  of  th«  liquid  and  push(.-d  bock  into  it 
fcH*  ose  or  disuse.  It  furoiiihes  butli  the  priuiury  and 
■econdary  onrrent,  and  has  likewise  good  arrange- 
ments for  the  regiibLtion  of  the  power  of  the  elec- 
tricity. 

QaifeU  apparatus  (Fig.  49)  would  be  perfect  for 
out-door  practice,  if  the  battery  (l),  which  is  one  of 
deuto-sulphate  of  mercury,  were  not  somewhat  un- 
certain in  its  action.  It  has  the  form  of  a  book  tu 
po«t  8ro.,  and  uitiy  be  carried  in  thi*  pocki't.    The 


necessary  electrodes  k  t  are  oonbtined  tn  the  box.  ii 
is  the  coil,  q  Uie  hammer,  o  its  screw,  and  K  a  tube 
containing  a  provision  of  the  deuto-sulphute. 


z 
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Quito  recontiy  M.  Gaiffe  has  ntiltsed  the  chloride 
of  silver  buttery,  which  has  already  been  described  (p. 


till-  liv. 

40).  A  D  c  D  are  the  four  comers  of  the  box  in  wliicli 
the  appurutus  is  contained,  and  wUch  has  the  form 
of  an  octavo  voluitie.  Tbe  box  is  divided  into  two 
partitions  by  the  platu  b  p  ;  one  of  them  contains  t)te 
battery,  the  other  the  coil,  v  i»  it  piece  put  into  the 
lid  of  the  box,  which  prvTonts  it  from  being  closed 
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before  the  hammer  p  u  in  ita  proper  position. 
When  the  hiunmer  is  at  p,  it  give*  rapid  intwmit- 
tences ;  when  at  p*.  the  circuit  is  broken,  but  miiy 
still  give  rei^'  alow  intemiittencefi  if  pressed  vritb  the 
finger  »o  08  to  connect  it  momentarily  with  the 
screw  0.  H  is  the  coil  of  primarynnd  secoiiclar}'  wire. 
E  p  is  II  plate  from  where  the  olectricitj  maj  be 
coUect«d;  1  and  2  give  the  primazy,  2  and  3  the 
secondary  enrrcnt,  1  luid  3  both  currents  united,  p 
and  s  on  this  plate  are  the  positive  and  ne^tive 
poles.     L  l'  are  the  two  pairs  of  the  chloride  of  iilTOT 

Eiich  pair  of  this  battery  (Figs.  51  and  S2)  is  com-  ] 
posed  of  a  dnc  plate  (z)  and  a  chloride  of  silver  plated 


V 


^ 


(t).    t  is  a  clump  of  eilver  which  condncta  the  Klectri- 
ci^  to  the  external  surface  of  the  voeo  of  nilcanite 
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containing  tho  batt^rj  (a  n  g  t),  which  ia  hermetic&llj' 
closed  by  the  top  o  r.  The  couductiiig  wiro^  are 
received  at  v  v'.  The  plates  are  kvpt  ia  their  proper 
potitton  by  the  volcanite  band  J  E,  and  the  tnuhions 
I  i'.  The  exciting  liquid  is  Bimple  wat«r,  in  which 
from  3  lo  £  per  cent  of  table-salt  is  dissolved.  The 
battery  bef^ins  to  act  only  abont  ten  minutea  after 
having  been  charged.  Thi«  apparatus,  which  hoa  not 
00  yet  been  &irly  tried,  will  probably  turn  out  tlio 
best  portable  iudactign  apparatos. 

To  sum  up,  I  should  recommend  Siemens  and 
Halske's  apparatus  for  the  consulting-room,  and 
Ooiffc'e  for  out-door  practice. 

c.  MagneUi-Kleelric  MatKinea. — Pistii^  maehias  WBfl 
the  Brst  rotation  machine  uted  in  medicine,  but  is 
now  no  longer  employed.  In  this  instrument  the 
magnet  wus  made  to  rotate,  while  the  soft  iron 
waa  fixed.  In  all  rotation  inachinM  which  have 
Bubseqoently  been  constructed  the  reverse  takes 
place.  The  instrumentA  of  Saxton,  Ettiughausen, 
Eeil,  Dt^ardin,  and  Breton  Fl^s  are  likewise  out 
of  Qse. 

Stohrer't  apparaitu  (Fig.  Cfl)  consists  of  a  horizon- 
toily -placed  honiesboe  magnet,  composed  of  fire  pieoee. 
and  a  soft  iron  armature,  surrounded  by  coils  of  wires, 
a  rheotome,  and  au  axis  for  turning  the  armature. 
I,  2,  3,  4  are  steel  nozzles,  conncct«rd  with  the  wires 
of  the  armature,  and  so  arranged  that,  by  half  a  turn 
of  tlie  armature,  1  and  3  enter  into  action,  while 
by  the  other  half  2  and  4  are  touched.    A  toothed 
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wh«e1  serrca  for  a  more  rapid  tnterrnptioD  of  the 
current. 


DMkaiMu**  Magneto-eltttrte  Sfaehiae  (Fig.  M)  is  too 
hwtjaaA  oomplicated  for  oiedicnl  practice,  u  is  tlie 
luuidle,  by  mcuis  of  which  the  soft  iron  annatare  (o)  u 
put  in  rotation.  A  is  a  whc«]  fmnishcd  with  64  t«cth,  M 
arranged  thiit  32  intonnitt^-ncuHof  the  induc«]  current 
arc  prodnoed  hy  one  revolution ;  and  ati  the  wliti'l 
maj*  be  turned  twice  in  a  second,  62  intermittence* 
may  be  produced  in  that  space  of  time.  K  ia  a  screw 
bjr  means  of  which  the  armature  may  be  approached 
to,  or  withdrawn  from,  tbe  magnet,  B  i)t  the  copper 
tube  whicli  regulates  the  intensity  of  tJic  cnrrcnt, 
B  8  s,  tb«  rhf>otoino.  There  is  a  coil  of  tliick  and 
fine  wire  {B)^  oa«  end  of  which  is  connected  with  the 
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knob  p,  for  inacrtiiig  one  cootlucting  wire,  while  the 
otlier  end  couiuiimicitteK  witli  the  support  o,  which  is 


connected  mth  the  second  kuob,  P,  bj  means  of  d, 
which  TOj^Utes  the  int^rmitteDcos  of  the  curreoU 


Flf.U. 
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Oaife't  Maijneto-eieetric  ^adiine  (Fig.  Sfi)  ia  the 
best  which  hu  hitherto  be«n  oo»8truct«il.  In  thia 
instrument  both  the  penoAnent  mut^iiet  luid  the  soft 
iron  armatare  are  evurounded  by  coils  of  copper 
wire.  Tims  the  power  of  the  current  is  conaidentbly 
inoreiued,  witliotit  luigmoiiting  the  bulk  of  the  appa* 
r&tiM.  As  tlic  physiolo^ciU  C'fiovtti  of  tlie  cnmilt 
prodaced  by  demagnetisution  ure  much  more  power- 
tul  than  those  of  the  currant  produced  by  magaed- 
satinn,  only  the  former  has  been  utilised,  and  the 
current  of  GaiS'e's  machine  therefore  always  movee 
in  the  same  direction. 

Itt— MEraODS  OF  EMPLOVING  ELECTRO-MAO  SET- 
ISM  AND   SIAONETO-ELRCTRIOrry. 

The  method  with  which  Duchcnno's  luuiie  is  more 
particnlarly  connected  consists  of  the  loealUtd  appli- 
cation of  induction  currents ;  whDe  seTeral  other 
obsci'vers  have  recommended  a  more  general  applica- 
tion of  the  same  over  the  whole  body. 

a.  General  Famdimtum. — M.  Dropsy,*  of  Cracow, 
was  the  first  who  recommended  this,  but  supported 
his  proposal  with  such  siujpilar  reusouiug  as  to 
])ix>roke  more  ridicule  than  serious  attention.  H* 
thinks  tliut  he  haa  discovered  a  physiological 
fonituln  for  the  distribution  of  electric  aensibili^ 
thivu^hotit  the  body,  the  top  of  the  head  being 
most  sensitive,  while  there  was  a  gradual  decrease  of 

*  ^l(«uotl)ifipie.  ou  ■pplicBtion  mnliculo  prui^De  lb  VtitOMU, 
bo*^  ■in-  do  DDUt-Mus  pro^tU*.    Pum.  IS&T. 
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sensibilitj*  in  proportion  »s  ne  proceed  dowuwanU. 
This  formuls  i«,  ■ccor<lin^  to  1>ropsj,  altered  in  diB- 
esfies,  and  the  object  of  tbc  trcatmvnt  in  to  change 
the  pathological  into  the  pbjeiological  formula.  All 
that  ia  naoouarj  for  nccompHsliing  thJa  in  to  put, 
hj  meiuis  of  a  bifurcated  director,  one  pole  of  a  mag- 
uQto-tilectric  apparatiut  in  connection  witli  the  top 
of  the  head  and  tho  epif^strium,  irhtlu  a  quadri- 
furcated  elertiwle  is  made  to  connect  the  other  pole 
of  the  machine  with  both  hands  and  feet.  By  so 
doing,  the  pathological  formula  of  all  curable  diatnaet 
U  graduAlly  ohauged  into  the  phj'siologioil  one,  and 
pari  jNMni  the  patient  rccorcri.  "So  din^ostic  or 
methodological  qualms  need  disturb  the  serenity  of  the 
mind  of  an  operator  gnided  b;  Dropsj^s  law ;  but, 
nnfortunatelj,  all  curable  discaaea  arc  uot  so  easily 
eradicated  as  the  Crucovinn  doctor  would  oiiike  us 
beliere. 

M.  Seller,*  of  Gtinuva,  bus  recommended  a  method 
which  is  a  worthy  counterpart  to  that  proposed  bjr 
M.  Beckensteiner  (p.  292)  He  condi>mnB  the  direct 
application  of  electricity  to  the  liuinao  body,  and 
thinks  it  preffniblc  to  act  fVom  a  distance.  The 
opentor  holdo  two  electrodes  tiarerscd  by  an  iudnccd 
cnrrent  in  his  bunds,  and  passes  thorn  gently  through 
the  air,  at  a  certain  distance  from  the  patient's  body. 
By  this  ingenious  proceeding,  nliicb  M.  Seller  baa 
I  called  '  galvanisation  by  inBoenee,'  pain  is  said  to  be 

I  roHeTc<1,  tbe  muscles  strengtlicncd,  currature  of  the 

^^B  *  Do  U  OalmiiMtian  i«r  iaflnepte.     IVia.  ISM- 
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srpine,laTj-ngitia,ft8tlitua,prolap8U8Ut«ri,coiiMunptioii, 
and  a  boat  of  other  diseaseB  cured.  The  remarks 
almady  innde  on  M.  Bi-ckfnsteiner'fl  method,  apply 
equally  to  Seilev's  niodw  of  using  electricity. 

A  more  serious  attempt  to  introduce  general 
faradiiuition  into  medical  practice  \ra»  made  by 
M.  Gabler,*  who  proposes  to  place  botli  hands  atid 
fe«t  in  four  M-parutc  UuiiDs  fiU<.>d  with  suit  mitvr,  and 
then  send  an  indaoed  currL>nt  right  tbrotigh  the 
body  for  1&  minutes  at  a  time.  He  has  sees  good 
results  of  this  moUiod  in  cnses  of  geneml  neakneas, 
lotis  of  appettU-.  intpotcncj,  etc. 

MesHnf.  Bi-ard  and  EocInvclJ,t  of  New  York,  carry 
out  a  somewhat  di&ei-ent  mode  of  general  faradisa-  m 
tion,  which  tliey  believe  to  be  especially  suitable  for  n 
cases  where  a  general  tonic  effect  is  desired,  as  in  dys- 
pepsia, rheumatism,  amonorrho»l,cho^^a,  constipation, 
anutmio,  and  other  disenees  associated  with  deficient 
vital  energy.  They  i-ecommend  the  following  tnoduM 
operandi ; — '  Male  patient*  remove  their  stockings  and 
all  their  outer  and  under  clothing  iVoin  tlie  upper 
part  of  the  body,  and  place  their  feet  on  a  piece  of 
copper,  to  which  the  negative  pole  is  attiiched.  while 
the  operator  applies  the  i>o8itive  electrode,  wliich  ia  i 
eitJier  a  moistened  spongt^  or  his  hand,  when  the  I 
current  passes  through  his  own  person  into  the  body 
of  the  patient ;  lodiea  remove  their  dress  and  loosen 

■  De  n^lnTirinaiiaii  g^n^rkte.  entaUkie  <Mninie  ng^ut  Ioni(]D*  a 
Mimnlaat  iliffiuibli.     BuUt4ia  il*  Tlijmpeotiquo.    DcmnlKir  I86S. 

t  Tlif  Hnllrni  U*»  at  Kltvirkilj  with  fpecial  nfonsM  to  GmwuI 
ElntUtulinn.     Nnr  York.  1807. 
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Iheir  under  giinnviit«,  niid  tlirow  over  Llieir  shoulden 
a  shawl  or  shwt  to  prvvont  exposure.  Tbe  roost 
rhoruu^b  form  of  application  ilvumnds  that  the 
Diitirc  surface  of  the  body  should  be  gone  over  with 
eonio  rtgiird  to  order.  Special  puiiia  should  be  l«kcn 
to  avoid  ihu  scuptila,  claricula,  sternum,  crest  of  the 
ilimn  and  tibia,  iniutoucli  b»  these  aiid  other  bony 
prominunnw  are  very  80n«itirc  to  the  electric  current.* 
Messrs.  Ik-ai-d  and  Bockwvll  are  convinced  *ttuit  no 
instrumeat  tha.t  human  skill  shiill  devise  cun  ever 
equal  tbe  hutd  in  Sorihility  an<l  power  of  udaptation,' 
and  tfaey  su-y  that  tjic  operator  can,  by  increasing 
or  diiniuishin^  his  gnup  of  tlie  spung^e,  modify  tbe 
ttreu^h  of  tbu  application  without  disturbing  his 
apparatuif.  When  used  in  tiii«  way  tho  current  most 
pass  through  the  body  of  Uio  operator.  *To  this 
tlie  system  appears  soon  to  become  accnittome^l, 
just  us  it  does  to  the  use  of  tobacco,  alcohol,  opium, 
lnucbish,  or  coca ;  with  itm  difference,  however,  that 
the  cffect«  of  electricity  are,  if  anything,  positirely 
beneficial.'  MeHsni.  Benni  and  Rockwell  say  that  a 
penon  living  in  New  York  has  during  the  paot  35 
jttn  allowed  the  stream  to  pass  throagh  tiis  own 
body  on  in  anvoge  for  about  Rve  hours  each  day,  or 
itbout  M>Tcn  years  of  his  life;  that  up  to  the  present 
time  the  gcnenU  hcuJth  of  tlie  person  alluded  to  has 
been  excellent,  and  he  has  suffered  from  no  disease 
UW't  can  even  remotely  be  ascribed  to  electricity. 
Tliey  appear  to  have  obtained  good  results  from  their 
method  in  cases  of  neuralgia,  chorea,  auienorrhcni, 
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rhenniatism,  and  similar  affections,  and  look   upon 
geuiinU  Fuudisatioii  as  a  ioaic  and  correctire  of  thu 
greatwt  cffimcj.    Tbere  can  bv  Uttlo  doubt  Uiat  b; 
thus  acting  on.  and  modifying  tlio  condition  o^  the 
BCnticnt   nvrvcti   of  tLv  tfkin,  and  to  aome   extent 
also  of  the  motor  nvrroB  and  muscles,  benefit  may  re- 
sult iVom  the  American  metbod  in  oases  of  cert^n 
fVtnHioua]  iierrooa  affections ;  but  it  is  equally  clear 
tliat  the  moeiuf  operandi  tauKi,  be  exti«mely  t«dioiu 
to  both  operator  and  patient.     Generally  speaking*, 
each  an   application  cannot  take  luss  than  half  on 
hour,  and  yet  it  cannot  possibly,  in  many  instances, 
be   aa  udefnl  as  the  application  of  the  ooutinuuus 
corrent  fur  two  or  three  minutes.     Tbe  choice,  nnder 
these  circumstances,  cannot  be  difficult.     Uureover, 
the  inoonTenienoe  to  the  operator  by  the  American 
method   must  be  very  considiTublc,  ii»  the  fingers 
ore  extremely  Hensitive  to  farudic  electrici^.     Tct 
I  can  ouneeire  that  in  certain  conditiona  of  tlie 
nervous  system  the  American  method  may  be  veiy 
BscftU. 

b.  Loealiaed  Faradualwi*. — This  method  was  in- 
vented by  U.  Duchcnne,*  de  Boulogne,  who,  being 
convinced  that  all  prorioua  methods  of  spjdying 
electricity  were  wrong,  applied  himBelf  to  solve  tbe 
problem  whether  it  was  possible  to  IocuJImc  electricity 
in  the  skin  without  acting  on  the  organs  beneath  it, 
or  to  make  it  traverse  tlie  skin  without  irritating  it, 

■  &•  r^KtriuilIoii  lacBliW«  tt  dc  aoa  applloiiou  1  li  pbjrriolo^  U 
puboloi^  «l  b  Uitnpnrtitna.    Fwi*.  1S&&;  3ud  oJliiua.  Pniis.  IHl, 
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for  Bclin^  on  a  nerre  or  muscle.  The  fonowin^ 
facta  are  the  basis  of  bU  B^tetn  of  localised  Fiin- 
diaation : — 

Wlipn  Die  okiii  and  the  electrode*  ore  dry,  and 
tbo  epidennis  verj  thiok,  a«  it  is  jn  inanj  prrsons 
wboM  bulaess  ezpoeoa  them  muclt  to  thu  air  and 
bard  work,  the  two  currents  proccoding  6noni  an  tD- 
daction  spparatns  moct  on  tbo  surface  of  the  epi- 
deruiiB  witbout  ponetrattne:  the  skto.  Tbev  produce 
sparks  and  a  sort  of  crepitation,  but  no  phj-siolo^cal 
effects  whateTer.  When  dry  conductors  are  pnt  on 
meh  parts  of  tbo  akin  *a  are  seosltiTe  to  electricity, 
the  person  sabjectcd  to  the  experiment  perceive*  a 
■entation  of  pricking'  aod  beat,  which  raries  aocord> 
iag  to  the  intenaitj-  of  the  current.  But  when  tho 
skin  and  the  electrodes  are  inoist«ned,  neither 
sparks,  crepitation,  nor  sennation  of  heat  are  caused, 
but  other  phenomena  occur  which  show  tbat  the 
electricity  acta  on  a  muscle,  nerve,  or  on  the  surfaco 
of  a  bone.  In  tho  lost  case,  sercni  pain  of  a  peculiar 
character  is  caosed  bjr  tbtf  current  penetrulinic  to  the 
nerves  of  the  periootenm ;  and  it  is  therefore  con- 
ndeivd  bad  practice  to  place  moistened  electrodes  on 
the  mrface  of  tho  bonec.  When  tho  directors  are 
placvd  on  the  sor&ce  of  a  muscle  the  latter  contracts, 
and  a  sensation  is  produced  which  ia  oot  peculiar  to 
tbo  skin,  but  always  accompanies  the  electromus- 
culnr  cootnurtioD,  and  which  is  owing  to  eicitation 
of  the  sentient  nerre«  of  the  muwles.  Finally,  when 
the  Conductors  are  placed  on  thu  surfiico  of  a  motor 
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nerre,  contractioiu  nf  all  the  mnsclea  oQiotated  by 
this  nerve  are  llie  renult. 

Ducketine  hus,  tlteni-fore.  «]istiiig:uiahed  two  dif- 
ferent DiftbodB  of  electrifying  tbo  niiucleB,  tIk.  b^ 
localUing  tlie  funulic  stimultus  iii  the  ni-rrotiH  plL-xii8e« 
or  branches,  which  commumcate  their  escitiitiun  to 
the  moAcIea  aaimated  hj  them  ('  indirect  mascakr 
faradisation  *) ;  and  b^  directdng  the  corrent  to  the 
mniicular  tiiwiie  it«c1f  ('  direct  niii»cti1itr  forndtnt- 
tion').  In  both  ciues  tlic  skiii  and  thu  ol 
should  hu  uiolBtoned.  For  the  muscles  of  the 
and  the  Umba  moistened  sponges  are  used,  which  are' 
placed  in  metallic  ctips  fixed  on  insulating  handles. 
For  liinittug  the  e1cctri«  force  to  ilie  smallur  iiiuscle*, 
such  fM  Ihoee  of  tbc  face  or  the  interoswi  and  luin- 
briculs,  small  conical  directors,  which  are  likewise 
fiiwl  on  insiiktin^  handles,  are  used.  ITiew  conduc- 
tors amy  be  covered  with  moistened  leather,  fingers 
of  gloves,  or  sponge. 

Ducbenue  discorered  that,  if  the  electric  current 
is  directed  to  certain  {>.iriiculiir  points  of  the  dkin, 
miucular  coutructioits  arv  much  more  t.ii»ily  produced 
than  when  tho  directors  aru  applied  to  other  ports. 
Thctw  points  he  called  '  points  of  election  ; '  but  he 
did  not  state,  nor  indeed  perceive,  that  they  are  the 
points  of  entrance  of  the  mot^kr  serves  into  the 
moftcles.  This  was  done  bv  Reinak,*  who  contended 
that  the  degree  of  contraction  of  a  muscle  was  exactly 
proportionate  to  the  quantity  of  motor  nerve*Hbrca 

*  I'vbnrniollKNliMlwKloktminiaggvlabnltvMutfcfln,  Bertin,  lUA. 
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[tmbnced  hy  Uie  current  mt  ita  point  of  applieaticn; 
ad  thnt  thrre  was  no  direct  action  upon  the  muscular 
tissue  iUclf,  which  was  thrown  in  commotion  murcl)' 
in  consecjnence  of  the  excitation  of  the  motor  uenres. 
He,  therefore,  proposed  to  call  Duchenne'a  indirect 
muscular  fanuluatiou  'extra-muscular  excitatioii ;  * 
and  direct  uiuscuUir  faradisation  *  iritr:i<  muscular 
tfxcitutioii.'  Tliis  thv-ory  wits  more  ftill;  developed 
by  Prof.  ZiemKSL'n,*  who  first  cUuieallT  determined 
the  precise  localitiea  of  these  points  of  election  and 
mitrked  ttieni  upon  the  skin  with  nitrate  of  silver. 
He  afterward*  dissected  the  motor  branvhes  of  the 
nerve*  in  deiid  ho«Ues.  and  Diarkvd  tlieir  poitita  of 
eotnuice  into  the  musclea,  whou  it  was  discovered 
that  the  resulta  of  the  two  series  of  experiments 
agreed  with  each  otlier.  A  third  seric*  of  obserra- 
tjons  wa«  und<-rUikeii  or  bodies  iumediatoljr  after 
death,  when  the  excitability  of  the  uorroii  and  muscles 
was  still  extant.  The  iuot<^r  points  were  first  doter- 
ffiinod  br  famdisation,  then  niurked  with  nitrate  of 
nlrur.and  afterwards  the  testofdiiisection  was  applied, 
in  order  to  see  whether  thej  really  corresponded  to 
tlie  points  of  entrance  of  the  motor  nerves  into  the 
muscular  substance. 

From  these  obMrrations  Zieinswn  concluded  that, 
if  the  upidenim  he  moistened,  and  tnoistoued  cloc- 
trodee  un^  Homewhut  forcibly  pressed  aguiust  the  skin, 
the  iudac«l  current  will  |<inj«  thi-ou^h  the  corinm. 
pMuiiculus,  fasciie,  and  layers  of  mtuculur  subituiice, 
•  Iht  tai-ktiiritU  is  Art  Ufdlcla.    Btrib,.  I8ft7 ;  Std  Mtiatt.  IK«. 
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to  Uic  nerves,  oiid  rouse  th«ir  speciBc  energy,  without 
acting  8o  much  on  the  oerres  of  tlie  akin  »*  to  cause 
reflex  action  or  severe  pnin.  The  vleclricitj,  how- 
ever, penetrates  into  tach  depths  oniy  at  those  point* 
where  the  negative  and  pouitive  correnta  enter  the 
body.  Between  Uieae  two  points  of  entntnco  the  eur- 
rent  follows  the  liquids  iu  the  tissues,  tuid  does  nci 
cause  any  excitatiun,  nidowi  it  be  very  powerful  j 
but  even  iu  the  latter  caae  the  chief  eSecta  are 
manifested,  not  in  the  whole  circuit  enclosed  between 
the  two  polv».  but  iu  the  more  immediate  ucighbonr^ 
hood  of  the  same. 

The  effect*  obtained  by  intm-museular  faradi- 
sation are  moi'e  powerful  with  large  tbuu  with  small 
electrodes.  Thus,  for  uistauce,  if  a  u»oist*-ned  con- 
ductor with  a  small  surface  is  placed  on  the  pectomlis 
nii^or,  or  deltoid  muscles,  only  a  few  fasciculi  of  ths 
muscles  are  made  to  contract,  eren  if  the  current  be 
powerful;  hut  if  electrodes  are  used  which  have  a 
diameter  of  an  inch  or  more,  the  whole  substance  ol 
the  muscle  enters  at  once  into  contraction,  eren  If 
the  current  be  not  rery  powerlbl.  Moroover,  thi 
current,  if  applied  by  means  of  large  ulcctrodes, 
&r  less  effect  on  the  wintient  nerves,  and  conBequeutly 
causes  lees  pain  than  if  a  small  conductor  be  used. 
Thifl  alflo  holds  good  where  a  direct  action  on  the 
motor  nerves  is  produced ;  and  it  is  therefore  ad 
visable,  tor  both  intni-muscuhir  and  extra-muscular 
Faradisation,  to  use  large  electrodes  in  preference  to 
small  ones.    The  electrodes  which  I  generally  use 
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are  two  inches  in  diameter.  It  is  different  if  we 
wish  to  jjuadise  muaclos  with  a  very  smiil)  »nrfaiX-,OT 
fine  nerrous  fibres,  either  for  clinical  domoiistratioD 
or  for  the  purpose  of  dijignosis.  In  sacb  cases  a  fine 
electrode  must  be  UKd,  if  a  deciaire  result  ia  to  be 
obtiuncd. 

Bi>mak  and  Zicin8»cn  have  both  donivd  that  there 
is  an  irritabilitj  proiwr  of  the  muscular  fibre,  and 
therefore  did  not  V'Upto  it  possible  Uj  produce  mns- 
oular  contractions  hy  direct  vlvctric  excitation  of  the 
tissue  of  the  muscles.  The  existence  of  Hallerian 
irritability  has,  howerer,  now  been  amply  proi-ed 
(p.  211).  and  it  liHS  been  shown  that  the  molecular 
e<]uihbriuni  of  the  muscles  may  be  directly  disturbed 
by  the  electric  current  just  aa  well  as  tlie  equilibrium 
of  the  motor  nerves,  and  that  tlie  contractions  are 
obaeired  as  wKin  a^  the  equilibrium  of  eith*^-  motor 
oerres  or  miuch-it  is  disturbi'd.  We  have  already 
seen  (p.  226)  that  the  equilibrium  of  the  motor 
nerves  is  more  easily  disturbed  by  the  electric 
current  tlian  that  of  the  rouaclea:  and  that  therefore, 
if  we  wish  to  cause  direct  muscular  contntctiomt  by 
electricity,  a  current  of  greater  pow«r  must  be  applied 
than  is  necessary  for  producing  oontmctions  by  acting 
on  the  motor  nerves.  This  is  confirmed  by  the  &ct 
that  muscular  oontractiuns  may  bo  produced  if  the 
electrotles  are  directed  to  such  points  of  the  muscle 
where  motor  fUamenU  do  not  exist;  bat  they  are 
certainty  mors  easily  hrouglit  alM>ut  if  tlic  motor 
nerves  be  faradlsed.    J»  the  m^rity  of  cutaeSfJiow- 
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ever,  the  contn«tioo  produced  hj  placing  electrode 
iipOB  the  bell;  of  a  muscle  u  composed  of  tvro  e1« 
inent«,  viz.    faiadiaaUon  of  the  masdoa  and    thi 
Qeiree. 

1.  Faraduation.  of  the  Motor  Xerris  atul  Sftt 
Tbia  requires  exact  kuowlwlge  of  tliy  unator 
position  of  the  nerrea  mid  mosctea.  In  the  arm  the 
electric  stimulus  mnj  be  limited  to  the  median  lun 
on  the  iiiritT  and  inferior  third  of  the  hutnerua  next 
to  the  hraoLitil  urt4^-r)' ;  lutd  to  the  ftliuir  mwe  in  tJid 
space  between  the  olecra.non  and  the  interBal  condyle. 
The  radial  norre  is  accessible  to  faradisation  at  th< 
juuctinn  of  thi?  two  Upper  thirds  with  the  lower  thirdi 
of  the  humerus;  wbilo  llic  mtitculo-cut'irtroHii  may 
reached  in  the  axilla.  Ai  regard*  the  lower  w 
initiea,  we  may  (aradise  the  crural  nerve  in  the  ^roiu^ 
outside  of  the  femoral  artery :  and  the  Kiatie  eithei 
on  its  origin  in  the  pelvis,  through  the  posteriori 
of  the  rectum,  or  near  the  tuberosity  of  the  i»chit 
behind  the  head  of  the  femur. 

The  oUuratoriM*  nerve  may  bo  reached  near 
foramen  obturatorium,  by  plaeing  the  eleotnxlc  TertJr 
oolly  to  the  ramus  horizontalis  pubis,    The 
nerve  is  accesBible  at  the  posterior  circumft-renc 
of  the  capitulnm  fibulie,  while  the  tibial  may  1h> 
diaed  in  the  middle  of  the  posterior  Buifiice  of 
knee-joint. 

The  portio  dura  may  be  acted  upon  in  the  extetns 
openinff  of  the  ear  by  pressing  a  moistened  conica 
contactor  to  the  lower  side  of  the  meatus.    But 
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this  proct'eding  is  very  pujnfti],  it  is  better  to  fWradiHti 
tlie  iierre  aAer  it  has  emerged  from  the  stylu-tuastoid 
foramen,  between  the  maMoid  procesa  and  the  coo* 
dylnid  prooctn  of  tJic  lowvr  jiiw.  Tlic  larger  braiiclicfl 
of  tho  pva  lUiM-riuiis  niti}-  he  fftrndiiud  nliorc  thoj 
cmer^  &om  the  parotid  ghind. 

In  tbe  HUpra-cIavictOar  region  the  dirccturs,  placed 
over  the  collitr>bone,  act  on  the  hraehiat  p(«ni«.  On 
the  top  of  the  Bupra-claTicular  triangle  thej  are  in 
cotitMx-tioii  willi  tlie  extem^U  bnuicli  of  the  rpinat 
aettmory  nerve.  Tlie  phrmie  ncrre  is  found  on  the 
anterior  surface  of  the  sciileuua  anticu*. 

Those  who  wish  for  iDorL>  explicit  iuformation  on 
faradisation  of  tbe  nerves  and  iiiuecle^a  will  find  it 
in  DQcheiine'a  and  Zienissen'a  works ;  butaAaiuUoiay 
u  only  learned  by  di^eotioti,  thus  fitradiuition  is 
only  tnn^tcrvd  by  prnctJee  on  the  living;  man. 

Duclidauc  i»  of  opinion  that  tJio  musok-ti,  like  tbe 
neires,  do  not  all  posBen  the  same  degree  of  excita- 
bility, and  that  it  is  therefore  necessary  carefally  to 
meoanre  the  eloctric  dose  for  the  diit'erent  muscles. 
Re  stat««  likewise  tiiat  the  eloetro-inuscuiar  scnai- 
bility.  that  is,  the  aensation  excited  by  the  olectro- 
niiiS(^tihLr  contraction,  differs  in  different  muscles. 
Those  differi'ncea,  however,  aria©  probably  in  great 
port  &oni  the  muro  or  less  delinite  condition  of  the 
ekiu  which  covers  the  muscles. 

2.  FaradiMHana/lAe  Skitt. — By  this  proceeding  WO 
are  capable  of  uxcitiug  the  scnsibtlity  of  the  ncrrw 

th«  skio  in  the  higLc<t  degree  without  injuring 
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that  oi^n.    If  a  current  of  higli  tcosion  is  appi 
to  the  ekin  bj  m«aiia  of  a  wire  bruali,  etTtbema 
prodaced,  which,  howerer,  disappears  soon  aA«r  thi 
applioation :  bat  destructive  eSeotfi  are  Dever  caused. 
Tf  wo  fanidiso  the  »kin,  this  u  woU  as  tliv  conductors' 
inuGt  he  dn- ;  for  if  it  bo  moist,  the  electric  current 
will  trarorso  it  and  proceed  to  the  moBcles. 

As  the  Bt-nsibility  of  the  sldn  raries  in  different 
parts  of  the  bodj,  there  should  be  different  proceed- 
ings for  cutaneoDB  faradisation.  The  following 
the  principal  metbodn  which  soom  to  fiillil  all  Uifl 
conditions  required : — 

a.  Faraduativn  &y  the  EUeMe  Hand. — The  patierit 
talcea  hold  of  one  of  the  conducting  wires  of  tint 
apparatus,  while  the  other  wire  \»  touched  by  the 
operator.  Ttie  skin  of  tlie  jmrt  which  is  to  be  fara- 
discd  is  then  dried  with  a  little  viok-t  powder,  affce: 
which  the  operator  rapidly  passes  the  back  of  hia 
disengaged  hand  over  the  points  to  be  acted  upon. 
If  a  somewhat  strong  current  be  applied,  tJie  elcctrio 
hand  prodaces  a  decided  but  rather  pleasant  sensa- 
tion on  the  face,  bat  acta  only  little  on  other  parts  of 
the  body.  Here  a  crepitating  noise  produced  by  ths 
rapid  passage  of  the  cIcctri£od  hand  orer  tlie  skin 
is  the  only  perceptible  phenomenon.  By  incrennng 
the  intensity  of  the  current  distinct  sensations  may, 
however,  be  caused  eren  there. 

b.  The  second  proceeding  ia  /arattiMtiivn  t/v  hlvn 
mttaltif  rlirrtlon,  which  are  fixed  on  instduting  han- 
dles.   Tlie  skin  should  be  dry  as  before;  but  if  the 
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ppidentiis  be  very  tliiclc  or  liord,  aa  it  la  on  the  pulma 
of  thi>  bands  and  t)ic  »olos  of  the  f^et,  it  amy  bt- 
slightly  moiateiKNl  in  order  to  diminish  it«  resistance 
to  the  foaeage  of  the  vkctriuitj-.  Whcro  it  ie  ae- 
CCflSU-j  to  cause  a  powerful  effect  on  a,  certain  point, 
tlio:  eluctrodea  are  held  for  some  time  continuouatv 
iii  contaet  frith  the  sldn.  Bluut  metallic  directors, 
though  actini;  energetically  on  the  xkiu  of  the  face 
and  of  the  trunk,  anj  often  insufficient  for  tlio  handu 
and  feet,  whatever  may  be  the  intensity  of  the 
ciirrenl. 

n.  In  such  cafles  fine  metaHu:  wire-bnuh^t  aiv  em- 
ployed, which  are  fixed  on  inenlating  handles.  The 
skin  «liouId  bo  li)^htly  touched  by  these  wires,  but 
BOmetimea  it  in  nucetmury  to  luLve  them  longer  in 
contact  with  it  By  this  proceeding  very  serere 
pais  may  be  caused,  and  if  the  proposal  to  substitute 
olectrio  thooki  for  the  'est*  as  apunUhment  in  tlie 
army  were  eror  carried  in  effect,  £uadita>tiun  of  the 
skin  by  metallic  wirc-bruahc«,  with  tlio  moximam 
power  of  a  good  apparatus,  would  be  the  best  method 
for  it. 

I  hare  already  alluded  to  the  exqnisite  fiuudie 
sensibility  of  the  skin  of  the  fiioe.  A  current  of  low 
tension  applied  there  cunses  lui  effoct  which  is  not 
(vlt  in  any  other  part  of  the  body.  Furudic  sensi- 
bility is  stronger  near  the  middle  of  the  face — that 
is,  in  the  eyelids,  the  no«e,  and  the  ohin — thau  on 
the  clie^'ks.  On  the  forehead  there  IS  not  »o  much 
sensibility  as  on  the  face,  and  on  the  scalp  still  less. 
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The  neck  and  traok  are  more  senaitive  than  the 
extremities;  the  cervical  and  lumbar  region  more 
than  the  other  parts  of  the  back;  the  inner  and 
anterior  Biir&.ce  of  the  extremities  more  than  the 
external  and  posterior  parts  of  the  same.  The  skin 
of  the  hands  and  feet  is  only  affected  by  a  current  of 
high  tension.  Faradisation  of  the  skin  has  proved 
useful  in  cases  of  ansesthesia,  neuralgia,  and  hysterical 
paraljais. 

S.  Faradiaatitm  of  the  Internal  Organs. — The  drum 
of  the  ear  may  be  faradieed  in  certain  cases  of  nervons 
deafness,  more  especially  if  the  continuous  current 
should  have  failed  to  do  good.  The  proceeding  is 
the  same  as  that  adopted  for  galvanisation  of  the 
auditory  nerve  (p.  326} ;  only  care  must  be  taken  to 
put  the  negative  electrode  into  the  water  filling  the 
meatus,  and  the  positive  one  outside.  A  reverse 
arrangement  of  the  poles  does  not  produce  the  cha- 
racteristic physiological  effects  which  have  been 
previously  described  (p.  161). 

In  cases  of  loss  of  smell,  a  gentle  induced  current 
applied  to  the  mucous  membrane  of  the  nose  has 
been  sufficient  to  restore  that  sense.  A  moisteued 
director  is  placed  on  the  nape  of  the  neck,  and  an 
insulated  conductor  with  a  metallic  top  conducted 
over  the  whole  of  the  Schneiderian  membrane.  For 
stimulating  the  optic  and  gustatory  nerve,  however, 
the  continuous  current  is  preferable,  as  it  has  a  much 
more  decided  influence  on  those  organs  than  induc- 
tion currents. 
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Faradisation  of  tlie  reclwm  and  of  the  muaclea  of 
tlte  fiNUit  has  been  used  for  the  cure  of  aton;  of  that 
portion  of  the  bowel,  prolajisus  ani,  etc.,  and  niaj  be 
useful  where  vront  of  niiiscutar  tone  U  the  cause  of 
tile  ditiordtr.  A  conductor  which  hiubecn  pnmously 
describud  (p.  327)  is  introduced  into  thi>  rvctuiu,  end 
connected  with  ou«  of  thw  poles  of  an  induction 
apparatus;  another  moistened  electrode  bein^  ap- 
plied outside,  near  the  unua.  Previoua  to  tliiaop^a^ 
tidii  the  recttiiu  iihonld  be  cleared  out  hj  eneniata. 
The  niius  of  health}-  ix-ntons  is  extroniely  sensitire  to 
faradisation,  so  that  even  a  feeble  current  applied  to 
it  may  cuuho  tvuosmns ;  but  where  there  is  mnch 
waiit  of  tone  in  this  port,  erea  a  powerful  current  is 
bomo  without  inconvenience. 

Faradisation  of  the  bladdtr  has  beeu  bcnclicial  in 
atonj  and  pamlj-MS  of  tJial  organ.     For  this  purpose 


■^ 


Ducbenne  liaa  recommended  an  instrument  composed 
of  two  flexible  metallic  wires,  contained  in  a  caont* 
cbouc  tube  with  a  double  channel,  so  that  they  ore 
insulated  IVom  one  another.  That  end  of  the  instru- 
ment which  is  to  be  introduced  into  the  bladder  is 
so  shaped  that  the  wires,  on  beting  approached  to 
each  other,  present  the  form  of  an  ordinary  catheter 
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When  the  inBtrmnent  ia  in  the  bladder  the  outer 
ends  of  the  wiree  are  moved  forward  for  about  an 
inch  or  so,  whilst  the  caoatchouc  tube  remains  in  its 
placa,  and  the  inner  ends  of  the  director  are  thoa 
remored  from  each  other.  The  bladder  should  be 
emptied  before  the  operation,  as  otherwise  the  neii> 
tralisation  of  the  two  contrary  electricities  would  not 
be  effected  through  the  muscular  tissue  of  the  organ. 
The  conducting  wires  of  the  indnction  apparatus  are 
connected  with  the  outer  ends  of  the  wires  of  the 
director,  after  which  the  curreot  passes  through  the 
tissue  of  the  bladder.  As  Duchenne's  instrument 
easily  gets  out  of  order,  it  ia  much  better  to  introduce 
into  the  bladder  a  simple  director,  such  as  has 
already  been  described  for  galvanisation  of  the 
urethra  (p.  327),  while  the  bladder  is  filled  with  urine, 
and  to  place  an  ordinary  moistened  electrode  to  the 
perinaium,  or  over  the  os  pubis. 

The  muscles  of  the  pharynx  may  be  faradised  with 
a  similar  director  as  tliat  used  for  other  internal 
organs.  Another  moistened  electrode  is  placed  to 
the  nape  of  the  neck.  It  is,  however,  necessary  to 
use  a  gentle  curreut  for  this  purpose,  as  a  strong 
shock  might  have  a  bad  effect  on  the  glosso- pharyn- 
geal, pueumogaatric,  and  spinal  accessory  nerves 
which  are  situated  in  the  neighbourhood. 

Faradisation  of  the  larynx  has  proved  useful  iii 
aphonia  resulting  from  loss  of  power  in  the  vocal 
cords.  The  larynx  may  be  faradised  directly  or 
indirectly.     Direct   fiiradisation  of  the   larynx  has 
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been  chiefljr  pnictiscd  by 
Dr.  Mon-U  Miickuuzic 
lutd  Prof.  Ziemssen,  of 
Erlangeu,  and  coasista 
in  iutitxluciag  one  elec- 
trode into  the  glottis, 
with  the  aid  of  the 
liiryngo*cope,  while  the 
other  dirwtor  la  ap{il)«d 
'  extvmolly.  Dr.  Mac- 
keiizii;  ltit«  the  patient 
wL-u-r  a  necklet  coB- 
Dectud  with  one  of  the 
condacting  wires  of  the 
appai^Uuii,  Olid  then 
introduces  a  uietuUic 
Bound,  which  U  in- 
Buktcd  bjr  cooutchuae, 
BJid  ends  in  a  piece  of 
moistened  sponge  con- 
nect«<I  with  the  wire. 
Thia  instrument  majr  bu 
introduced  without  fii- 
mdiaing  an;  ports  with 
which  it  may  at  first 
come  iu  contact;  for  it 
is  only  itft«r  the  spoi^ 
is,  in  the  laryngeal  mir- 
ror, seen  to  be  upon  the 
vocal    cords,   that    tlie 

c  0 
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upevator  establishes  the  circuit  by  tonching  a.  little 
spring  in  the  hiLudlo  of  the  instruinent.  The  necklet 
ohould  be  worn  rather  lovr,  »o  that  it  corcrs  the  sides 
of  the  cricoid  cnrtihigo  and  Uie  space  between  it  and 
tbe  thjreid.  By  acting  In  this  manner,  the  lateral 
oddactor  muscles  of  the  vocal  cords  are  foiadised ; 
while  the  centrni  adductor  may  receive  the  faradio 
iiilluence  by  placing  the  conductor  on  the  posterior 
surface  of  the  aiyteenoid  cartihtges.  External  fani' 
disiition  of  the  larynx  is  much  ciisior.  It  consists  in 
iipl)lying  a  povrurful  current  by  mcn-iis  of  a.  wire  brush 
to  the  front  of  the  larynx,  the  circuit  being  closed  by 
another  moistened  conductor  placed  to  the  nape  of 
the  neck. 

Dirvct  faradisation  of  the  htart  and  tlic  lungi,  the 
tiomaeJi  and  the  liver,  is  not  possible ;  but  some  of 
these  organs  may  be  acted  upon  indirectly  by  fiu-a- 
disatdon  of  the  pneumogastric  nerve,  which  is 
acoecsible  to  the  electric  stimulus  through  the 
ph«r}'i)x  and  (esophagus.  Such  on  operation  would, 
however,  be  totally  useless,  M,  if  it  is  dusinnl  to 
modify  the  condition  of  the  pneumogoeti-ic,  the  con- 
tinuous current  oloiic  should  bo  employed. 

Paroilitation  of  i/tc  Womi  has  been  highly  recom- 
mended by  M,  Tripivr*  for  the  cure  of  engulf  men  t 
and  displacement  of  that  orgau.  The  prticeeding  is 
as  follows: — The  patient  should  lie  on  her  bock,  and 
a  speuulnm  is  introduced  for  allowing  the  operator  to 
put  the  uterine  electrode  a  in  connection  with  the 
•  U411IUI  d'tiMtmliinp!*',  p.  Ht.     IWi«.  IBSl. 
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external  or,  alWr  which  lui  oHrc-shnped  director  D  u 
introduced  into  the   roctutn,  and  a.  metallic   plate 
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oorered  witii  rnol8t«ne<]  lint  or  sponge  U  plaood  ov« 
Uio  08  pubis.    This  latter  ajid  b  coinmuuicntc, 


/ 


\ 


Rg.M. 


Pig.  to. 


means  of  a  bifhrcated  condacting  wire,  witL  one 
tlie  poles  of  the  appantus,  while  the  othor  pok 
CDonected  with  the  uterine  electrode  A.   In  anmturiec 
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ivromon  or  where,  in  Uie  married,  tlie  engorgement  is 
at  corabinMl  with  displacument,  the  womb  uiaj  be 
fiuudised  bj  iimplj  using  the  plate  ovlt 
be  08  pubis,  as  before,  and  a  moistened 
'^eonductor  applied  to  the  lumbar  region. 
1  is  the  womb  in  a  jitnte  of  simple  en- 
gorgement, 2  the  rectum.  3  the  anu3, 
4  the  binddcr,  7  the  8ympIijr«iA  pubis,  b 
[_the  meatus  urinaritis,  and  6  the  rugina 
lixtended  hy  th«  sp<!culum.     The  appli- 
ktion  of  the  corrent  to  the  womb  should 
^fO^aiwll;  not  exceed  live  miuuteB  at  a 
tnnb 

Fig.  59  ahow^  the  simple  tisocral 
directors  for  uterus,  btadder,  and  rec- 
tum, and  Pig.  60  the  double  electrodes 
for  the  9une  organ,  as  used  by  U.  Tri- 
pier. 

ParaitUatUm  of  tli«  (Kttrphagia  will 
only  rarely  be  rcguirod  ;  but  I  have  used 
it  ancce«sfuUy  in  a  caxe  of  paralysis  of 
the  muscular  fibres  of  that  organ,  with 
oonacquent  difficulty  of  swallowing.  In 
such  cases  a  king  and  flexible  insulated 
sound  with  a  metallic  top  (Fig.  61)  is 
introduced  to  the  point  where  the  im- 
pediment ia  found,  and  the  circuit  is 
cloned  by  putting  iiiiotber  moistened 
oloctrodu  to  the  chust  or  back. 

The  action  of  the  diaphragm  may  be         Fik.«| 
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Toased  hj  faradisation  of  the  phrenic  nerve,  which, 
taking'  its  rise  from  the  third,  fourth,  and  fifth  cer- 
vical pairs,  proceeds  downwards  and  inwards  in  front 
of  the  acalenos  anticuH  muscle,  hefore  it  reaches  the 
media«tinam  and  the  diaphragm.  The  phrenic  nerve 
is  accessihle  to  electricity  on  the  anterior  snr&ce  of 
the  scalenus  anticos.  Conductors  of  moistened 
sponge  placed  in  metallic  cups  are  held  to  the  points 
just  mentioned,  when  an  artificial  inf^iratioQ  is  at 
once  produced;  the  thorax  is  e:qianded,  and  the  air 
mshes^with  some  force  into  the  longs.  By  faradi- 
sation of  the  phrenic  it  is  possihle  to  TngintaiTi  respi- 
ration even  some  time  after  death ;  and  the  proceed- 
ing has  heen  snccessMly  employed  in  several  cases 
of  osphTzia,  where  other  means  had  already  been 
used  and  failed. 


ani 


CHAPTER  IT. 

ELECTSICITT  AS  A  MEAA'S  OF  DIAOXOSJS. 

Aptek  galranUm  had  been  tuod  for  some  time  in 
the  treatment  of  pimOyBie,  it  was  obaerved  that  the 
rooscles  which  were  no  longer  under  the  influence  of 
volition,  responded  in  some  instance*  rcndily  to  tho 

Felectric  current,  while  in  other  c»mo»  no.  or  only  verj 

[feeble,  contractions  were  obtuintKl.    Ilcnce  it  was 
lolnded  that    ^Ivaniam  might  be    useful  as  a, 

means  of  diagnosis  in  certain  obscure  paritlytic 
affections. 

Every  tnons  of  diagnosis,  when  flrit  pointed  out 

**»  Buch,  has  been  orer-rated,  carelenty  employed, 
and  then  pronounced  to  bo  worthless.    Forty  years 

[Ago  the  prejudice  against  anscoltation  was  very  stioiig 
in  this  country,  chiefly  in  conBe<|aence  of  some  young 
enthusiasts,  who  brought  the  stethoscope  from  Runs, 
having  undertaken,  without  paying  any  attention  to 
the  general  i^mptoms  of  the  rarions  cases,  to  form 
the  diagnosis  by  the  physical  signs  alone ;  they  wero 
constantly  in  error,  and  their  ondae  pretcusioni 
brought  discredit  on  the  whole  system.    Tlie  lamu 
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has  bom  the  com  wiUi  the  microiicope,  the  oplitha 
mosoope,  luid  other  TiUaablc  m«uiB;  nor  ha*  cl< 
trici^  been  exempt  from  this  fate.    ObuTTuttons  ■ 
the  excitabilitj  of  the  paralj-sed  nerves  ami  muacU 
were  carelessly  miule,  concliLtioDH  hastily  dramt,  i 
therefore  tiie  grciitcst  confusion  produced.    As 
instanue.  it  may  be  mentionei]  tliai  in  Aagust,  It 
H.  Martinet  read  a  paper  befurt'  tliu  Paris  Ac 
of  Medicine,  in  which  be  stated  that  the  pr 
electro-mnscutar    contractility   was  the    distinetil 
ohanct«r  of  cerebral,    hysterical,    and    rt 
paralysis,  while   its  abs><nec   was  an    indieatioD 
diseaM  of  the  Bpimtl  cord  ;  yet  oU  these 
are  incorrect! 

No  department  of  oor  subject  is  at  the  pres 
time  to  littJe  develope<l  iin  that  rohiting  to 
diagnostic  value  of  the  various  forms  of  electricit 
There  can  be  little  doabt  that  as  time  adrances 
more  scientific  u»e  of  galvanism  and  electro-tna( 
netism  will  enable  ns  to  ascertain  the  exact  conditt 
of  the  nerrona  centre*,  the  motor,  sentient,  and 
motor  nerves,  and  of  the  moscles,  with  far 
accuracy  than  we  can  do  at  present,  and  that  ele 
tricity  will  thus  become  a  luofit  vnhiable  test, 
only  in  paralytic  affections,  but  also  in  many 
neuropathic  and  myopathic  conditions,  At  pi 
it  is  almoet  excloaively  the  variotta  forms  of  paralya 
the  nature  of  which  mar  be  to  a  considerable  ei 
determined  and  ilhwtmted  by  gatranisation 
faradisation.     By  tlu-sc  proceedings  we  can  a« 
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■nj  alterations  of  the  ph^rsiologicnl  law  of  contrac- 
tious  wlitcb  liavo  occnnvd ;  w)i«tli<>r  tlicro  U  dimi- 
nUhcd  or  pxnltcd  excitability  of  tho  nerrcs  and 
muscles ;  wliat  is  tlio  power  of  curreut  reqaireii  to 
cause  contractions ;  whether  in  using  the  continuous 
current  there  is  contraction  on  opening  tlie  circuit, 
or  galrano-tonic  contractions ;  what  is  th«  influenoo 
of  the  direction  of  tho  current;  whether  during 
the  applicatiun  an  incrcasu  or  diiniiiution  of  vzcita- 
bility  bt'conies  perceptible,  etc.  With  the  means  at 
present  at  our  command  it  is,  however,  impomible  to 
ascertain  any  alterations  of  the  current  proper  of  the 
iierveti  and  of  its  positiri.-  and  nc^tive  phases,  which 
maj  have  taken  place ;  but  it  appears  highljr  probable 
that  such  alterations  occur  in  most  disease*  of  the 
nervous  B;6t«>m,  and,  if  known,  would  oiako  our 
tn*atinentofthi'in  more  scientific  and  more  succmuful. 
Here  therL*  is  tht'ruforu  a  Urge  field  open  for  future 
researches,  which  will  no  doubt  jield  abundant 
results  as  soon  as  our  appliances  shall  Lave  readied 
that  degree  of  perfection  which  is  uidiiii>eiiRable  for 
such  investigations. 

I.-CEREBBAl,  PARALYSIS. 

To  Ur.  Marshall  llall  *  the  merit  is  due  of  having 

first  directed  the  attention  of  the  profession  to  the 

TaltiQ  of  electricity  in  the  diagnosis  of  juanilytic 

hdiseases.     He  contended,  in  a  pajwr  on  the  conilition 

of  the  muacolar  irritability  in  paralytic  Hmhs,  that 

*  Htdim-diinitpcftl  Tr>andioni.  1S39- 
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corebnil  niid  spinnl  punlysis  were  In  totollj  opporit 
conditions  with  regard  to  the  excitability  of  tlie 
mascular  filv«  in  the  affected  Itmbe.     By  ceiebtBB 
pamlyais  he  noderstood  that  which    removes  tb^ 
influence  of  the  hr&in, — pnralysiti  of  BpontaneODa  o>^ 
Yolant&rj  motion,  such  iis  i«  prodnccd  bjr  diwMe  of 
the  hmia  itself,  or  bjr  disease  of  the  dorsal  portion  of 
the  spina]  cord  ;  while  b;  spinal  pamlvsis  Ite  meiuit 
that  which  romovos  the  phy«iok>picid  inBiionc«  of  the 
oord.     He  furtlier  aawrted  that  lu  cerebral  punilytiis 
the  paralytic  limbs  were  alwrays  moved  by  an  elevtri<^ 
influence   which  is   slighter  than  that   reciuired  to   i 
aOect  the  healthy  limb ;  or  that  if  both  limbs  were 
agitated,  it  wa«  uniformly  tJie  paralytic  limb  whii 
WM  more  shaken  than  the  other.     In  spinal  paralysis,' 
on  the  contrary,  he  found  that  the  excitability  of  th< 
muscles  was  diminished  or  eren  aunthilntod.     Tbi 
induced  him  to  think  that  gulranism  mig^ht  afford 
sonrce  of  diaffnosis  between 

1.  Hemiplegia  of  the  face,  and 

2.  Puralyxis  of  the  facial  ncrre. 

3.  Hemiplegia  of  the  arm  or  leg,  and 

4.  Disease  of  the  nerves  of  these  limba. 
o.  Disease    of   the  spinal  cord   in  the   dor 

region,  ond 
6.  DiseoAO  of  the  couda  equina  in  the  luml 
region. 

Dr.  Hall  concluded  that  in  cerebral  paralysis 
eicitakility  of  the  muscular  flbre  be<.'amc  augment 


euir.  tY.j 


CEREBRAL  PAIIALVSIS. 


xs 


from  wiuit  of  the  appliciUJon  of  (lie  stimnln*  of  to- 
UtioD,  tbu  brain  boia);,  ia  his  opinion,  the-  vxLnastor, 
throagb  its  acta  of  volition,  of  tbe  muscalar  irrita- 
bility ;  tbo  Hpiniil  cord,  on  the  oontraiy,  being  tiie 
Epceial  source  of  tbf  power  of  the  nervM  of  exciting 
mUBcular  contractions,  and  of  the  irritabilitv  of  tlie 
mascalor  fibre.  In  apiuitl  paralysis,  therefore,  tlie 
irritability  of  tbe  mnscatar  fibre  would  be  diniioisbed, 
and  at  len^tli  become  extinct,  in  consequence  of  it« 
source  being  cat  off.  The  same  principle  would 
explain  tJio  greater  influence  of  certain  rcspiratoiy 
acts  (such  as  yawning,  sneezing,  coughing,  Ac.)  on 
paraijlic  limbs,  and  also  the  greater  anaceptibilitr  of 
the  junUyseil  nitiHclon  to  the  influence  of  itrychnia  in 
ronaes  of  cerebral  pAralysts. 

Tbe  6rst  ivho  objected  to  Dr.  Hall's  theory  was 
Dr.  Pcreiro,*  who,  in  1841,  mode  a  number  of  ob- 
servations on  paralytic  patients,  which  convinced 
him  tliat  in  certain  cases  of  hemiplegia  tbe  mnscles 
of  the  pAraly»ed  limbs  responded  rery  little  to  the 
electric  current,  while  Uiosc  of  the  healthy  Umbs 
were  powerfully  contracted.  In  1845.  Dr.  Coptaudf 
stated  that  in  cases  of  ccrcbivl  paralysis  the  para- 
lytic mnades  were  not  more  excitable  than  the  sound 
muscles,  hot,  on  tlie  contrary,  less  so.  The  most 
'elaborate  criticism,  however,  of  Dr.  Hull's  theory  was 
given  by  Dr.  Tudd.t  who  refuted  Dr.  Hall's  view  of 

*  Etcia*alit  of  Uairm  llnl>«>  and  Th(inii«Dlio*,  SpJ  wltiioii,  to),  li, 
p.  131(0. 

t  A  DidloDuj  of  Pnvtic^  Ucdldne,  vol.  iii.  pul  I,  pL  41, 
!  UailuiyCbimpiml  TiaBacticni,  1817. 
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the  bmn  being  tite  exhauster  of  mnacularimtabilit 
by  [lointiitg  to  ihe.  phvsiolo^cal  fact  that  the  heaUb 
lu-tjon  of  a  muscle  is  promoted  b/  exeroiae  witlif 
reuonablo  limits,  mid  tliat  vrhuterer  restricts 
exercise  is  injarioiu  to  the  nutritioD  of  thv  mascl 
and  consequently  to  its  irritability.    He  after 
adduced  the  evidence  of  thirteen  cases  of  cerebral 
panilvBui,  to  proTO  that  in  certain  morbid  condition 
of  the  brain  the  excitability  of  the  muscles  of 
paruJyMod  limbs  was  not  augmented.     Dr.  Todd 
tbo  continnouH  current',  oloctro-magnctism  and  ma 
neto-electricity,  and  found  that  the  reeults  obtaiae 
were  not  affected  by  the  instrument  employed, 
observed  tliat  in   a  certain  number  of  cosei 
pamlysed  muscles  rcMpondod  readily  to  the  gaira 
stiuiuluis,  and  even  displayed  a  greater  amount 
vigour  than  those  of  the  healthy  limbs.     In  the 
cases  tlie   muHcles  of  the  paUied  limb  always 
hibited  some  degroo  of  rigidity ;  and  the  vigour 
their  action   in  obedience  to  the  f^iivunic  stimuli 
was  proportionate  to  the  amount  of  rigidity  witl 
certain  limits.     In  another  class  of  cases  electric 
produced  little  or  no  contraction,  and  in  these 
motolot  appeared  more  or  k^ss  wnsted.    In  a  thij 
clan  of  oases  he  found  that,  while  the  paralysis 
almost  complete,  the  galvanic  stimulus  excited  equal 
the  muaoles  of  the  paralysed  and  those  of  the  healt 
liuibs ;  and  these  were  generally  cases  of  apoplci 
occurring  in  persons  previously  healthy  and  not : 
vunccd  in  years. 
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Dr.  TcnIcI  oIm  concladed  tLat  the  state  of  tlie 
mtueUt  bad  comparative!}*  little  effect  ia  the  pro- 
duction of  tliese  pheoomena,  which  he  thought  to  be 
due  to  the  atute  of  nervoM  force  iu  the  pamlysed 
limbft.  In  casi.-s  whore  the  stimulus  produced  little  or 
uo  contraction,  forcv  was  d«prt»ted  id  the  nen'os  of 
the  pomlj-tic  Umh;  in  cases  where  the  gtilviuiic 
current  excited  stronger  contractions  in  the  muscles 
of  tJie  paralysed  limb  than  in  those  of  the  health; 
lin)b>  tlie  nervous  force  waa  acaUed ;  and  in  the  tJiird 
dui,  wbere  tbere  ■wm  no  perceptible  difference  be- 
tweien  tbt!  two,  nervous  force  was  fu>raiaf.  lie  there- 
forv  contended  that  galvanism  might,  in  cases  of 
hemiplegia,  serve  as  a  test  to  distinguish  between  an 
irritant  and  a  depressing  lesion  of  the  brain,  but  not 
u  a  neons  of  distinguiithing  between  cerebral  and 
spinal  polity. 

In  I80O,  M.  Ducbenno,*  of  Boulogne,  recorded 
some  observations  on  tlie  state  of  electro-muscular 
sensibility'  and  contractility^,  and  strongly  objected  to 
the  mode  of  experimentation  employed  by  Dr.  Mar- 
shall Hall,  the  only  true  way  to  arrive  at  a  satisfactory 
result,  according  to  him,  being  the  localiiation  of  the 
electric  curreut  in  the  tissue  of  the  puiralysed  muscles. 
He  gave  as  tlie  resoltof  his  experience  that  muscular 
cotttrnctility  was  normal  iu  curebral  paralysis,  there 
being  no  differonoo  between  the  musclus  of  the  healthy 
of  the  paralytic  limbs  of  such  patients.    This 

fttemvnt  I  can  only  explain  by  asstuning  that 
*  AmIuvm  ginlnlM  ds  nUtciB*,  ItfO,    Vol.  i*ii.  p.  i. 
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Dnchenne  tested  the  muscular  irritability  in  a  fei 
cases  onlj  of  cerebral  paralysis,  and  tbat  thes 
happened  to  be  such  as  are  described  by  Dr.  Todd  ii 
the  third  class,  in  which  iiie  muscles  retain  thei 
normal  condition. 

I  have  tested  the  nerrous  and  muscular  excitabilit; 
in  more  than  a  hundred  cases  of  cerebral  paralysis,  an< 
can  fully  corroborate  Dr.  Todd's  observations.  In  i 
certain  number  of  cases  the  excitability  is  diminiBhed 
the  muBcles  are  flaccid,  and  the  polarity  of  the  nerve 
depressed ;  in  another  class  of  cases  the  excitability  i 
increased,  there  is  early  rigidity  of  the  muscles,  am 
an  irritative  lesion  of  the  brain ;  and,  finally,  in  i 
third  class  of  cases  no  difference  can  be  observed  ii 
this  respect  between  the  healthy  and  the  paralytii 
limb.  In  the  cases  iu  which  I  have  tested  musculai 
excitability  I  have  employed  both  modes  of  experi 
mentation,  viz.  sending  the  current  right  through  tht 
limbs,  and  localising  the  current  in  the  affectet 
nenes  and  muscles.  Both  methods  yielded  nearlj 
the  same  results ;  but  local  faradisation  and  galvani' 
sation  made  the  differences  of  muscular  contnwtilitj 
appear  more  striking. 

I  shall  now  give  a  few  cases  illustrative  of  th( 
three  classes  which  may  be  distinguished  in  paralysis 
resulting  from  cerebral  disease. 
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Cass  2. — Hemiftt^a,  resuUiny/rom  cerAral  hwmor- 
rht^a;  mvaeular  contraeUliti/  diminithwl. 

H.  v.,  Bgod  5f,  of  origiuAlly  Tjgorwiu  vid  plothoric  cod> 
stitativu,  bat  now  Honuiwhat  debilitsUid  hj  ao  aotiphlogiitic 
trmtincrDt:  baa  never  bad  any  serjODS  illnrss,  with  tbc 
oxcvption  of  piMKuoanioL,  Ivn  yrur»  ngo,  from  which  be  aooa 
reooTiind.  Six  Tomxiha  before  I  saw  liim  be  had  ao  Attack 
of  apflplcocy,  ncGompattiod  with  Iom  of  con*douHDeM  for 
nau-1}-  iknn;  hc>ur«,  and  pualjrms  of  the  whole  right  aide. 
Speech  WW  not  afioctod.  He  did  not  know  of  uij-  <a,\ue  of 
Ids  affet-tion,  bat  nienlivncd  that  bb  fiitber  bad  died  from 
paislyiis.  lie  bad  eometiineB  snlfcrod  IVom  palpitftiioiui  of 
the  heart,  but  auNcnItntion  flawed  the  heart  to  be  healthy. 
Tbe  distortion  of  t>ie  face  toon  disappeared,  and  the  miuol«* 
of  tbit  arm  and  leg  abio  rogninod  Kome  mobility.  He  wrote, 
bon'ov«r,  a  verjr  nnsWady  hand,  and  had  diffii^ulty  in  dreav- 
ing  and  feeding  bimsclf ;  walking  was  very  troubleitonic. 

HiK  jiidgim-iil,  «iic«:li,  and  nwmory  were  not  impairod; 
tlicre  wa8  no  pain  in  tho  hitatl  or  liiub«i,  TIio  fuci'  and 
tongue  wrru  •tmigbt,  and  tbu  luovcroont*  of  tbe  oyv*  finite 
eaay.  Tbe  skin  of  the  right  side  was  fM>ld  and  llabbjr. 
PoIm  76,  weaker  in  tlie  right  than  in  tbc  loll  radial  nrloiy. 
Tliere  was  a  feeHng  of  numbneaa  in  tbe  right  arm  and  leg, 
wliicb  wore  not  so  sunintiTc  to  tltu  pnck  of  u  pin  as  they 
Bibould  be.  Tbe  mnacles  of  tbe  same  side  wore  relaxed 
and  aomewhftt  wnxl<^,  and  tlie  oxtvnsors  more  so  Uian  the 
flezeev.  Then.'  naa  no  rigidity  of  the  mnMika,  either  in 
tile  njiffr  or  in  Um-  lowar  extreRiily.  Pawive  pxteniiion 
of  ilie  foru-aroi  ujKiti  tbe  anD,  and  uf  the  k-g  ujiou  tbo  tliigh, 
Gonkl  be  made  wilhottt  any  iwstanoe  being  ofiVred  t^  the 
mnsclen.  Tlw  &radio  Miinnlua,  admlniitered  in  inodcnw 
dos*  and  with  slow  intomittonoe*,  diil  not  cauHo  Ibo  para- 
I,vsk1  axtensor  mnscles  of  the  Hgbi  arm  ut  eoutAet,  while 
tlie  cnmvponding  mnsolea  of  llie  other  i>idc  auswvred  well 
to  the  rarreut.  The  same  was  the  case  witli  the  mnsolw 
aniiaatcd  by  the  peronc*!  nerve. 
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Case  3. — Hemiplegia,  with  irritation  of  the  brai 
and  augmented  muscular  excitability. 

In  December,  1858,  a  patient  of  the  name  of  Kiag  wa 
nnder  the  care  of  Dr.  Todd,  in  King's  College  Hospital ;  h 
liod  had  rcpea,ted  attacks  of  apoplexy,  and  probably  sDffere< 
from  a  tnmour  ia  the  brain,  which  kept  np  continiu 
irritation.  The  patient  saflered  at  that  time  from  ptosi 
of  the  left  upper  eyelid,  and  from  paralysis  of  the  righ 
side,  with  marked  rigidity  of  the  flexor  mnsclcs.  I  t«atei 
the  excitability  of  the  mnsclea,  and  found  it  sUghtly  in 
creased  in  the  paralysed  leg,  and  very  much  so  in  the  para 
lysed  arm.  When  I  directed  a  gentle  cnrrent  to  the  bell; 
of  the  extensor  commnnia  digitorom  of  the  right  fore-ami 
u  sudden  and  powerful  estengion  of  the  fingers  took  plact 
which  were  before  firmly  closed  by  rigidity  of  the  flexors 
the  same  current  directed  to  the  left  side  did  not  indac 
any  moyements  in  the  fingers,  and  much  more  power  wa 
required  for  producing  the  same  amount  of  contmction  ii 
the  healthy  as  in  the  paralysed  side.  It  wus  ako  noticci 
that  the  iiiMrge  current  excited  somewhat  stronger  con 
tractions  in  the  ^laralijgcil  side  than  the  direct,  while  thi 
•liri^H  current  excited  somewhat  strontrer  contraction  ii 
the  hi:<iUhij  side  than  the  inverse.  Those  experiments  wen 
rcpuated  several  times,  and  always  with  the  same  resalt,  ii 
the  presence  of  Dr.  Todd,  Dr.  Conway  Evans,  and  a  largi 
number  of  students. 

Case  4, — Hemiplegia,  with  normal  excitahility  oj 
the  muscles. 

L.  T.,  aged  C2,  has  long  been  in  a  gouty  condition,  anc 
hod  an  apoplectic  fit  seven  years  ago,  in  which  she  lost  hci 
speech  and  consciousness,  and  the  use  of  the  left  side 
After  six  mouths  a  gradual  improvement  took  place,  es^ 
pecialiy  in  the  leg.  Wlien  I  saw  licr  in  November,  1S58 
the  speech  was  still  impaired,  walking  troublesome,  anc 
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tlio  motion  of  the  loft  tbumit  m\A  torv-iagttr  rorjr  limiUKl. 
AlUiongli  Uioitv  two  fiupM-&  hnd  lliea  waroely  b««a  lUteA  for 
MTen  ye»n,  tho  oxoitabilitjr  of  tho  exMoaor  and  sbduritM- 
miuclcM  of  tlwao  fingera  wm  quite  nomuU,  m  Uia^  tiiorcd 
fi>eel7  uoder  tho  inflnvnce  of  a  gantU>  cDrrant.  Tlie  urae 
wu  obMiTod  in  the  recti  of  tlie  tliighs. 


IL— PEniPH£BAL  PAIULYSIS. 

Dr.  Mnraliall  Hall  has  termed  »jnna!  jmralt/ifui  tliitt 
which  is  observed  nhen  the  muscle  is  functioiioUj' 
Gjiamted  ttma  the  cord,  as,  for  instance,  by  ineoha- 
nical  ugury  to  a  nerve.    TliU  peculiiir  view  taken 
by  Dr.  Hall  has  bL»eii  ulaioet  ffooLTaUj  tuisunderatood; 
^u  most  nutbors  luire  taken  Hall's  '  spinal  paiiil^-sis ' 
OS  sfnonTtnouB  with  paralj'dtB  fVoni   disease   of  the 
|ipiual  cord.    It  U,  faowevpr,  efideatl}'  meant  to  ia- 
'  dude  those  casL-a  which  ariw  uithcr  from  uiei'haiiical 
injurj  to  a  nerre  (traumatie  pural^'sisj,  or  from  pres- 
hj  an  effusion,  which  may  be  of  a  rbounmtic. 
goaty,  or  syphilitic  cbomcter.     As  much  oonAision 
Ljias  arisen  from  Marshall  Hull's  nomeiiolaturo,  it  is 
'iniiob  better  to  drop  tho  term  proposed  by  him  alto- 
gether, and  Bubstitute  the  word  'peripheral'  for 
'  spinal '  pnxalysis.    Becent  researches  Itave  thrown 
considentb1i<  li^^ht  on  the  changes   which  occtir   in 
this  form  of  palsy,  OB  fiur  as  tiic  galvanic  and  fiiradic 
excitability  of  the  nerves  and  muscles  is  conoemed, 
^and    have    thereby  enabled  qb  to  make  both  the 
'  progDOsU  owl  treatment  of  these  affections  more 
corhUn. 

DO 
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To  H.  BkierbebcT*  the  merit  ia  iao  of  h&TiDg 
emplovpd  IW  continiioas  currvutas  a  nM^niu of  dia^c 
flnch  ciuipK,  and  cif  baring  •hnwn  that  i/alrano-m 
contnurtjlity  may  still  exist  after  /aroifo-mnKMlor 
hility  bna  (lisappmrctl.  Ho  obiMirvrd  tbc  MM  of  n  wm 
ikf^  £8,  who  suflered  from  paralysis  of  tli«  portio  du 
one  Hide.  Fnnidtiiation  had  no  inflncROC  on  the  mt 
nor  was  there  any  changp  in  thiH  particular  aft«r  tfaf 
weeks'  trcatmcDt.  He  then  applied  a  continnon*  rarrvnt 
of  flftveti  cells,  which  caused  stron;;  cuutnuitions  in  all  tbt 
paralysed  miij'tlcii.  After  iitiw  rnich  npplirntjons  then 
wa«  considerable  improreneiilt  aud  after  four  mora  the 
pordysis  had  olmoat  completvly  diuppcarod. 

H.  SeboJc  t  baa  recorded  wveral  ea«ea  of  facial  paliy,  in 
which  tli«  indnced  cnrrcnt  did  not  canso  any  oontnctioai 
on  the  paralysed  side.  Ho  obst-ncd  that  a  cnrrent  of  eai 
cells  of  Bnnwn'fl  bntUry  pivtduccd  a  coaaidomUa  oOQt 
tion  on  opening  as  well  s«  on  closinf;  the  oircoit,  vi 
tbe  cmrent  waa  direct  or  iovene,  wbilv  a  cnm-nt  of 
sanic  power  did  not  nRcct  the  mnsclea  of  the  healthy  i 
On  iucreaaiuy  the  power  of  the  tnirreut  to  twenty  celbt,  1 
miucloi  of  tho  healthy  aide  TVHpondcd  on  opening  aad 
closing,  yet  ercn  then  tbe  extent  of  contraction  wa«  man 
conndcrnblo  in  the  pamlyncd  side.  As  time  went  on,  Uu{ 
exalted  excitability  of  the  paralysed  mnsoles  gntdnally 
dimii)i»hod,  and  at  lost  completvly  disappeaivd.  Tlui 
dimination  of  galrano-mnacular  excilttbility  vru  nmfl 
taneoiu  with  the  rooorcrj  of  the  power  of  rolitioa  oral 
the  mnscles,  and  at  the  Mme  time  the  mnitclM  eooomenoad 
to  renpond  agttn  to  tho  ftnulic  oamnb. 

M.  Moritx  Meyer}  has  observed  the  case  of  a  woo 
aged  48,  who  Kofl'frrd  from  facial  paligr  of  the  loft  side, 
ivhere  faradisation  did  not  cause  any  contraction  whate* 

■  BMOTJMhrailixilichnlitiFUigMijibLkU,  IBAB,  No.  4. 
t  WiMrr  nnlldaitche  WorhooK'tinft,  ISM,  No,  ST. 
I  Die  BlMUlelUt  to  ibr«r  Aowpoduag  nf  Utdkia.    3t«  An 
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wbite  a  contionoua  ounvnt  of  nix  cell*  produced  oonsidvr- 
Me  nuiTflmeiitB  in  them.  The  patient  graduAlly  recorered 
andvr  the  ioflncnoo  of  the  contlnQoiia  current.  Anothor 
fiinular  case  foil  under  the  notice  of  Profenor  Ziemitaen-* 
A  young  mtin,  ngvd  11^  Imd  biul  (ncia)  pnlsf  of  tli«  ]o(t 
Bide  for  three  weeks,  and  fankdisation  locally  applied  to  all 
the  fa<-ial  muwlM  indiridnnlly,  and  to  tho  branches  of  the 
poftio  dnra  of  the  aflfected  xidc,  did  not  at,am  any  oon- 
tracdoDi,  flvOD  if  a  powrr^l  corrent  was  nsed ;  white  the 
rontinooaa  cnrrent  appUeJ  iu  tlie  mme  manner  canned 
re^lar  tuid  vigorans  ecmtiACtions  on  making  the  oircail  in 
all  tlie  muacles,  while  on  breaking  it  they  renponded  f(«kly. 
The  galvano-mtisciilar  contrvctions  of  the  corroRpondinf; 
mntclca  on  tlto  healthy  nide  were  nul  nc'iu'ly  an  jinwcrful  as 
on  the  pat^lysed  eide,  and  the  upplication  of  the  coDlinnoua 
conwnl  to  any  ]innvlyiied  musclo  individually,  or  to  the 
oarroas  fibre  animatinf;  the  tame,  was  not  able  to  restore 
iu  excitability  to  famdirotjon  or  rolition.  If  very  slow 
inleniutteDcea  of  the  iadnoed  eurrent  were  nited,  so  that 
one  cloai&g  and  oponing  wm  eSbctod  in  two  sooonda.  it 
speared  tlat  therv  was  in  the  healthy  nde  a  atrong  eon- 
tntctioin  on  clofdng,  uid  a  fcchle  contraction  on  opening 
the  circuit  in  each  muscle,  while  in  the  parmlyscd  nMb 
there  wa« DO  oontntotion  whatever,  vithttr  on  cloning  or  on 
opening.  A  few  weeks  afterwards  tlie  deformity  of  the 
fihoe  was  diminisbed,  bat  the  galrono-miucaUr  escitabitity 
oon«id«rably  deorcued,  and  this  latter  then  completely 
diaappeam).  In  two  month*  tlin  l«fl  side  hud  regained  ita 
volunt^Lry  power,  only  the  eyelids  could  not  he  entirely 
closed  ;  yet  ctcd  then  ooithcr  gnlvaniution  nor  faradisatMrn 
cauaod  any  contrartiona.  The  same  patient  was  examined 
twoyeareand  a  half  after«-ardi<,  when  tbc  fsc«  was  perfectly 
healthy,  during  rent  ad  well  lut  during  phyaiognaaucal 
O^nvanotts.  SetiHibility,  however,  was  considerably  dimi- 
Dished  on  the  left  side.     Faradisation  caused  uontrnctiona 

•  Dt»  Uectikiiit  in  dvr  Mpdinn,  IMS.  p.  10. 
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in  kll  the  ibdmIm  wbich  had  baoa  pnTimul/  pKrttljHd^ 
bat  tbtreepooM  TM  not  nearly  SO  atrang  as  oa  tb»  bnltbjr 
■ida.  Tktt  •am*  omxiitioa  was  obwrml  on  appljdn^  tlw 
oontiDoooB  camaxt,  e>(^t  eella  of  whidi  cauited  diatiaat 
BOTsniaota  oa  tht  right  ad»,  whil«  no  aflaet  was  prodoeed 
on  the  left.  On  inotaoJay  the  power  cpf  the  earrsDt  thm 
muMlaa  of  tlia  laft  nda  vara  smb  to  coottact,  bat  mom 
feebly  than  thoae  on  the  rigbt  aide.  In  anothar  cm» 
recorded  by  the  aama  ofaaerrar  tha  axeitabtlity  of  iha  notot 
aerree  to  roUlioa,  IWadaabon,  and  galvaaiiatioa  wna  oaa^  , 
pl«Cely  abob&b«d,  while  the  panlyaed  naaeles  had  ] 
their  iiritabtlity  (o  the  oontinooas  eanvBt,  and 
to  direct  gatTa&iiation  with  a  slaggish  oontractiou. 

Meyer  has  found  that  those  cases  of  Ikcia]  paliy 
in  which  farado-moflcular  excitability  ia  merely  di- 
minished, but  not  completely  gone,  show  the  same 
upMt  as  regards  the  contiuaoos  current,  and  on 
more  faTonrable  as  far  as  prognoats  is  coneerzted,  inu- 
mach  as  they  generally  recoTer  within  a  few  wo^a, 
while,  un  tiie  other  baud,  those  palsies  in  which  bra- 
ditiatiun  producvB  nu  eSecta  whsterer  a  week  after 
they  have  come  on,  and  where  a  feeble  continoooa 
ctirrent  caosas  vigoroos  contractiona,  an  of  wone 
import,  becanae  recovery  enaues  only  after  many 
months,  aodercD  then  remoina  incomplete.  In  tbeae 
btt«r  cases  Meyer  belieTCs  the  seat  of  the  parolyata 
to  be  in  the  focial  norw  daring  its  transit  through 
the  petrons  portion  of  the  temporal  bone^  and  looks 
npon  the  galrano-miiscular  rontraetion*  aa  rvflex 
moTcmenta  produced  by  stimulation  of  the  gaoglioa 
geniculatom.  The  latter  hypothesis  is,  howerer,  not 
tenable. 
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M.  Neiimiuin,*  when  obsernng  a  cmo  of  this  kind, 
conccivMl  tli«  iil(.>a.  of  rapidlj  tntt^miptin^  the  con- 
tinuous current  by  means  of  a  me<.-hamcal  contrivance 
in  order  to  arrive  at  a  rationale  of  theee  phenonieaa, 
and  noticed  that  if  the  interruptions  were  extremely 
rapid,  no  cITect  vraa  proiluctxl  in  the  paralysed 
mosclM,  whilo  the  hoalthy  miiHch^B  of  the  other  aide 
of  the  fac«  responded  as  uBoal.  From  this  be  con- 
ohided  tliat  the  duration  of  the  current  waa  of 
amount  imporiance  in  these  coses.  When  this  is 
acre  timn  iustantaneoan  the  current  has  a  more  con- 
sideral^e  effect  on  the  paralysed  than  on  the  healtJiy 
luscles;  but  when  the  stimulation  is  merely  instan- 
^taneouK,  no  effect  is  produced,  eren  if  a  powerful 
current  be  applied.  Uo  observed  the  same  thing 
in  the  nerres  and  muscleA  of  frogs  which  were  dying. 
Before  the  excitability  of  the  structures  whs  quite 
9oe,  there  was  a  stage  which  often  continued  for 
hours  and  in  which  the  moat  powerfhl 
faradic  current  failed  to  produce  contractions,  while 
.  weak  contiuuoua  current  caused  decided  effects. 
U.  Br^kner  f  has  recorded  Beveral  cases  of  fatty 
aerationofUiemuMle*,  which  confirm  NeQmann's 
tttfment«.  Faradisation  failed  to  cause  contractions, 
while  on  closing  the  continuous  current  of  twenty 
roells  ft  response  took  place.  He  also  ob«(>n-cd  that 
lie  contraction  on  dosing  the  circuit  did  not  occur 
so  rapidly  as  it  does  in  healthy  musclcB,  but  waa 

■  Virrhow'*  AmMt  tv  AnaUinii*  uad  Ktjniok^r.  ISM.  p.  M. 
T  Draoebc  Kliiiik,  ISSL    Nt>.  Ml. 
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Bomeirliat  retarded ;  tliat  if  the  circoit  was  slowly 
opened  and  clo«wd,  the  movemente  were  more  ext«o- 
tivu  thiui  if  there  was  a  rapid  soocesaioD ;  that  if  the 
direction  of  the  ciiri'eiit  wm  quicklj'  changed,  the 
strength  of  the  contmctiotis  incrfu^ud;  and  tliattliere 
was  no  efluct  at  ull  if  the  continuous  current  was 
applied  inHtantaneoQsl}'.  These  taeta  were  oboenred 
in  the  p4?roaeal,  crural,  sciatic,  and  tibial  nerves. 
M.  Eiilenburg,*  who  has  likewise  studied  these 
conditions,  has  assumed  different  specific  energiiM  of 
the  motor  nen'es,  rii.  the  power  to  respond  iadivi- 
duallj-  to  Tolition,  faradisation,  luid  galTaniwtion  { 
and  tliinks  it  prol>u.ble  that,  in  certiun  oonditioos 
of  changed  molecular  arrangement,  one  of  the  other 
of  these  energies,  or  even  two  of  them,  may  be  totally 
gone,  while  the  third  roiuiiitis  intact.  This  would 
be  an  analogy  to  the  abolition  of  curtain  kindti  of 
sensation,  which  is  froquentiy  obeerved  iu  locomotor 
ataxy,  where  the  sense  of  toach  may  be  normal, 
while  sensibility  to  pain  or  the  sense  of  tetnperatura 
may  hate  completely  disappeared. 

Professor  Erb,t  of  Heidelberg,  has  experimentally 
studied  tlie  conditions  which  ore  novr  under  ootisiden^ 
tion,  and  has  come  to  the  imp<^>rtunt  oonclosion  that, 
aa  far  as  these  alterations  of  excitability  are  concerned, 
wrm  and  mvKlts  oiey  totally  differefit  lav$.  In  all 
CAMS  of  exalted  galvanic  excitability  only  the  musctaa 
answer  in  this  uuuiner,  aikd  those  obseirera  are  ui 

■  D»<(Ii«Im  An-hiv  m  klinlwhc  Utdiois,  188«.    Bd.  U.  Brft  1. 
t  Ibid.  taOS.    IU.  IT.  p  i66. 
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nror  who  liftve  anumod  the  existence  of  iucreoscd 
gulvanii;  excitability  of  the  nervei,  together  with  lort 
fanulie  excitability  of  the  same.  In  fitct,wbi.-ro  there 
has  been  lui  injury  to  the  motor  nerTCd,  the  excitability 
of  the  HervM  nppennt  to  be  completely  gone,  not  only 
^^o  the  induced  but  also  to  the  continuous  con-ent. 
^H  Soon  after  the  paralysis  has  set  in,  whethei'  it  be 
^Hpwed  by  rlieiuuatic  effusion,  or  by  contusion  and 
^airision  of  the  nerve,  the  excitability  of  the  nervi'  to 
both  forin«  of  electricity  begins  to  dirniniiiU.  In 
ono  of  Erb's  ca«es  this  diminution  vriu,  during  the 
first  few  days  of  the  illness,  preceded  by  a  sUgbt 
increase  of  it;  and  he  considers  it  not  improbable 
tbat  this  condition  may  be  characteristic  of  ao'Called 
rheiuDatic  palsies.  Soon  afterwardit,  however,  rii. 
in  man  from  the  end  of  tbe  fir«t  woek,and  in  injured 
nerves  of  rabbits  fren  bi-fore  that  time,  a  consider- 
able diminution  of  vzcitability  takes  place,  which 
proceeds  gradually  &om  the  seat  of  tbe  diseaae  to 
tbe  periphery,  the  point  of  entrance  of  the  nenre  into 
the  inusele  being  the  last  to  lose  it.  This  decrease 
of  excitability  is  sbown  in  two  ways,  for  not  ouljr 
has  the  power  of  the  current  required  for  caitsing 
a  slight  contraction  to  be  continually  bcreuscd,  but 
on  the  other  hand  the  contractions  caused  by  even 
a  siroii|;  current  constantly  diminish  in  extent;  so 
that,  towards  tlie  end  of  the  second  week,  fanulic  as 
well  at  galvanic  excitability  of  tbe  nei'rei  has  com- 
pletvly  dia^ipeared.  Tliu  duration  of  this  stage 
ies  according  to  the  cause  of  the  palsy,  thu  in- 
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tf  nsity  of  its  effect  upon  tlie  nene,  luirl  the  npidl^ 
with  which  the  process  oF  regenL>rfttion  is  corrwd 
on.  In  rabbit*,  the  iieri-es  of  which  h»TO  be« 
bruisMl,  it  last*  from  fire  to  six  weeks :  where  the 
n«rTOs  haro  bL-on  <lividL>(l  its  dumtioii  is  longer;  ontl 
in  facial  polsj  of  rheumatic  origin  it  may  extend 
over  manv  montbs,  and  eren  years.  After  a  time 
the  excitability  of  the  nerves  ia  gradually  restored. 
The  stntcnients  of  different  observen  regarding  the 
mode  in  which  the  nerrcs  regain  their  excitabiU^ 
vaiy  conBidcmbly,  and  hnrc  le<l  them  to  amnna 
rarions  gronpe  and  degrc«a  of  palsy,  which  are, 
however,  not  bo  distinctly  »eparatt>d  in  nature.  In 
most  cases,  there  appear,  simultaneously  wHh  the 
return  of  voluntary  motion,  traces  of  femdic  as  well 
us  of  gnlranic  excitability,  oltJiough  at  Rmt  only  if  a 
'  high  power  be  used.  Both  kinds  of  excitability  •eom 
to  return  almost  simultaneuasly,  and  the  contmc- 
tions  then  steadily  increase  from  day  to  day,  so  that 
at  last  a  feeble  current  is  suflicient  to  bring  them 
about.  If  the  nerve  be  then  acted  »ipon  by  the 
continuous  current,  the  contraotionii  follow  the  usual 
law  which  obtains  for  the  physiological  condition  of 
tlie  liviug  neire. 

Tlie  cases  ore,  howerer,  exceptional  where  elcctrie 
excitability  is  completely  restored  to  ita  original 
standard ;  for  it  generally  remains  somewhat  below 
par.  Alt  these  conditions  do  tiot  appear  to  hare  any 
direct  relation  to  the  recovery  of  voluntary  power. 

The  mitscfe*  follow  totally  different  laws  tmder 
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t]i«se  ctrcutnitanccs.  Within  tlie  first  few  days  of 
the  palajr  thor«  19  no  decided  alteration  of  direct 
galranic  or  faradic  excitabilitj-,  wid  it  is  only  towanls 
the  end  of  the  first  weolc  that  a  diminution  of  it  is 
obeerveil.  The  furudic  excitability  ccmtinuce  to  sink, 
wheUicp  tJic  cuntut  be  slowly  or  rapidly  intermpted, 
and  whether  the  primary  or  secondary  current  be 
osed ;  galTnnic  excitabili^,  on  the  contrary,  now  com- 
mences to  rise,  and  becomes  within  a  few  dnys  exalted 
considerably  beyond  the  nomuil  vtandanl,  K>  that  a 
luucli  vre»k«r  uiim-iit  than  ia  neCMtruy  for  caocing 
cotitnictiona  in  healthy  innsctua  will  produce  decided 
effects  on  the  paralysed  mosctes.  We  bare  already 
teen  that  this  is  owing  to  the  physical  diflrercnc<e  of 
the  ooQtinuouH  and  induced  current,  it  being  the 
instantaneous  duration  of  induction  currcnto  which 
renden  them  incapable  of  exciting  the  moscles,  and 
a  continnous  current  of  equally  inatantaneous  dura* 
tion  hariag  no  mare  effect  than  faradination.  But 
there  is  at  tbis  period  not  only  an  increase  in  the 
amount  of  excitubility,  but  also  an  alteration  in  ita 
qaalJty.  If  healthy  muscle*  are  octod  upon  by  the 
continuoaa  current,  Oio  negative  pole  has  a  more 
powerful  effect  than  the  positive,  and  the  closing 
eoDtraotton  is  stronger  than  the  opening ;  while  the 
positive  pole  produces  effects  chieJly  on  opening,  espe- 
cially after  the  current  has  act«d  for  some  time.  In 
paralyeeil  muscle*,  however,  the  effect  of  the  positive 
pole  increases  much  more  rapidly  and  considerably 
that  of  the  negative  pole,  so  tliat  it  soon 
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becomes  equal  to  t)ie  latt«r,  and  sumetimes  eren 
BtroDger.  At  the  same  time  the  effect  on  closing 
becomes  greater  than  that  on  opening ;  and  finullj. 
an  effect  takes  place  with  the  negative  pole  on  open- 
ing, which  is  equally  powerful  and  flometimea  even 
etronger  than  the  effect  on  oi)eiiiitg  at  the  positive 
pole. 

The  form  of  muscular  contraction  product  l)y 
direct  muscular  excitatiwi.  differs  considembly  from  the 
contraction  caused  hj  the  excitation  of  healthjr 
nervea.  The  latter  is  extremely  rapid,  while  tlie 
former  ia  slow  and  sluggish ;  and  even  if  the  current 
used  be  comparatively  feeble,  tonic  contmctionx  of 
long  duration  may  be  caused.  The  shortening  and 
elongating  of  the  paralysed  muscle  occiu^  much  more 
slowly  than  that  (if  the  healthy  muscle,  and  rorre- 
Bponds  to  the  form  of  contraction  observed  by  Fick  in 
the  sphincter  of  the  fresh-water  niusHul,  in  which 
there  is  considerable  prolongation  of  all  thi,-  sucoetMive 
stages  of  the  contraction  (p.  187). 

After  a  certain  time  galvanic  excitability  again 
diminishes,  but  no  alterations  are  then  perceptible  in 
its  quality.  The  first  signs  of  this  diminution  seem 
to  occiu-  about  three  months  aft^^r  the  commence- 
Dieut  of  the  disease.  Within  the  following  weeks 
this  diminution  becomes  still  more  distinct ;  u  higher 
power  is  required  for  causing  contractions,  and  the 
estent  of  the  latter  is  much  decreased.  After 
time  the  effect  on  opening  becomes  less,  and  appear* 
more  tardUy  than  that  on  closing,  even  at  the  |>oei- 
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Ire  pde.  This  latter,  however,  still  caoseB  an 
squally  dUliiict  closing  contracttoti  as  the  negatire 
pole.  At  a  later  time  we  succeed  iu  nbtoiuiDg  feeble 
contractions  by  direct  muscular  fkradimtioti,  more 
e«p«ciall}-  in  thoie  muscles  Uie  nerres  of  which  luivo 
likewise  retrained  thi'tr  fiLradic  cxcitAbility.  Galvanic 
excitability  now  sinks  below  tbe  normal  Htaudard; 
for  while  on  the  healthy  aide  eight  cells  may  suffioe 
1o  caiwe  cootroctious,  from  tea  to  fourteen  cells  may 
be  neoesMUj  ott  the  paralysed  side,  and  the  coii- 

^.tractions  UuiiimItm  becomo  continually  weaker. 
These  final  alterations  of  electric  excitability  do 
Dt  teem  to  bear  any  eonatojit  relation  to  tlie  return 

^of  voluntary  motor  power,  nor  to  the  ustent  of  tlic 
same.  A  curious  fact  which  bus  bLfu  noticed  at  this 
time  is  an  )ncrt>ased  excitability  of  the  muscles  to 
meclianical  stimulation.  This  occurs  later  than  the 
increase  of  galvanic  excitability,  vix.  towards  tJie  end 
of  the  thinl  week,  after  which  it  rises  rather  mjiidly, 
I  and  aguio  dutupiiears  in  tliu  third  or  the  fourth  month 
of  the  disease. 

feP^ofeaaor  Erb  has  likewise  studied  the  morbid 
atomy  of  tbe«e  conditions. 
It  iq)[)ear8  that  within  tlie  Snt  few  days  after  an 
uijury  to  the  avrvv  has  token  placo  Ihe  uuutow  coagu- 
lates, and  is  disaolved  Into  ttuveral  cyliudrical  piocM, 
which  are  at  first  rather  long,  but  afterwards  become 
I     sborter.     At  the  same  time  the  diameter  of  the  fibres 
is  consideiubly  increased ;  tlic  cylindrical  pieces  just 
aentioned  are  gradually  changed  into  irrejfular  oil- 
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globules,  between  which  fine  graniileB  of  &t  appear, 
which  alter  a  time  become  bo  nutnorotu  that  thoj 
predominate  orer  nil  other  fomuitioni*.    Abottt  th« 
thinl  wDok,  and  nRerwards,  thero  ts  IcM  of  marrow 
and  fint,  thi'  diametor  of  the  fibres  becomes  nnullor. 
the  preparations  clearer,  and  naclci  and  fibres  in  the 
process    of  regeneration  are  perceptible.     Of  the 
original  fibres  Bcarcel;  anytliing  remains  except  a 
ainall  and  pale  band  with  irregular  outline,  in  some 
parts  of  which  tmiall  globules  of  Ikt,  marrow,  and, 
nuclei  ntftj  be  recoj^niscd.    Tltis  baud  coneista  of  th« 
orii^iual  primitir^  fibr«  and  the  cylinder  axis,  which 
remains  uninjured.     The  degeneration  proceeds  in 
every  case   frnnt  tlic  point  whoro  the  i^joiy  baa 
occurred  toward*  the  peripherj ;  and  regeneration 
proceeds  in  a  like  manner.     From  the  aubetance  ofj 
the  marrow  which  bos  been  preserved  fresh  maawia. 
of  marrow  are  deposited  round  the  cylinder  axis.     A 
first  only  a  small  dark  line  is  perceptible,  but  after 
time  ft  delicate  layer,  with  a  double  outline,  appears, 
which  proceeds  more  and  more   towards  the  peri- 
phery.    These    young  regenfrat«)d  fibrvs  are  tery    i 
small,  thoroughly   homogeneous,  and    only  elowln 
increase  in  width.    When  they  have  become  com-" 
pletely  derutoped  the  oonductirlty  of  tlie  nerro  ia 
reetored. 

At  the  point  where  the  nerre  has  been  injured 
phenomena  of  adhesive  inflammation   of  the   neu*^ 
rilcmma  set  in,  vis.  swelling,  proliferation  of  celln," 
tbickeaiug,  and  fioally  shrinldug,  of  connectiro  tissue. 
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All  ideutind  procew  occurs  in  the  nt-urilemma  along 
the  whole  pcriplifnU  rourtie  of  the  nerve.  Soon  after 
the  injury'  ban  taken  pl^e,  there  is  a  cooaiderablc 
accuinuUition  of  fpranahir  cells  in  the  oenrilemnia ; 
these  cellfl  gradually  aoBume  the  slwpc  of  spuidlM, 
and  the  neurileinnia  U  at  the  Hatnc  time  thickened ; 
the  connoctive  tixsuc*  becomes  tuughcr  and  firmer, 
the  ccUfl  diBt^)pe8r,  and  fibres  take  tlieir  place.  Sinee 
tlic  uervoiu  Gbree  are  now  enclosed  tn  a  firm  sheath, 
the  hardness  of  which  is  further  increaaed  by  cica- 
tricial ahrinking,  tlie  regeneration  of  tbe  nerres  is  of 
course  much  retarded ;  bat  in  course  of  time  this 
impediment  is  likewise  remored,  and  the  nerves  are 
completely  restored  to  tlieir  physiologifial  condition. 

These  anatomio&l  ftltenttions  correqtoDd  clo«ely 
with  the  chaogm  of  electric  excitability  which  have 
been  previously  described.  The  decrease  of  electric 
excitability,  which  occurs  soon  aAer  the  commence- 
meot  of  the  pundyais,  would  coincide  with  the  in- 
oreastDg  degeneration  of  the  nervous  marrow;  and  if 
Uiis  degeneration  has  reached  a  certain  stage  the 
electric  excitability  is  outirely  goiie<  Aa  soon  un  the 
Sbt«a  have  become  regenerated  electric  excitability 
returns,  and  increases  in  proportion  a»  tlic  fibres 
grow.  The  slow  retora  of  excitability,  and  its  long 
pernstence  in  a  degree  which  is  lower  ttian  in  the 
ooirmal  condition,  would  then  hv  Aiw  to  the  impedi- 
nwot  which  is  offered  to  the  ru^vneration  of  the 
nerroQs  fibres  by  the  proliferated  and  shrinking 
neurilemma. 
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'So  donbt  con  exist  that  there  are  certain  patholo- 
gical coiiditinns  of  (he  nerve  where  it  is  insensible  to 
eki-tricitj  and  yet  (A>fyi  the  orders  of  volition,  which 
ia  probably  dne  to  the  persistence  of  the  cylinder 
axis. 

The  anatomical  alt^mtiona  of  tlie  muaetdor  fibnt 
conaiat  chietir  of  atrophy,  which  appears  in  tlie  HarA 
w(»ck ;  at  the  same  time  tlie  transverse  stripes  become 
sliffhtly  indistinct.  There  is  no  fatty  degeneration 
of  muscular  titiaue.  but  an  incr^nso  of  naelei,  which 
often  appear  in  liu^  crowds.  The  contraetile  sub- 
stance is  altered  bo  that  the  fibres  show  a  great 
tendency  to  undergo  amyloid  degeneration.  Large 
numbers  of  cells  appear  in  the  interstitial  ooonectiTC 
tissue,  the  mass  of  which  is  also  increased,  go  tliat 
the  consistency  of  the  muscle  is  greater.  The  con- 
nective  tissue  after  a  time  assuraes  a  cicatricial  cha- 
racter, whereby,  after  the  conductivity  of  the  nerve* 
has  been  restored,  complete  rvooTciy  of  the  muscular 
fibres  is  much  in)pede<l. 

It  is  more  difficult  to  trace  the  relation  between 
these  anatomical  alterations  of  muscular  fibres  and 
the  changes  of  their  electric  excitability  than  it  ia 
with  regard  to  the  nerves.  The  diminution  of  direct 
fnradic  and  galranic  excitability  which  is  obcerred  in 
the  first  two  weeks  coincides  with  the  altoT«tioD  of 
eicitability  in  the  nerve,  although  this  latter  docfl 
not  disappear  so  rapidly.  As  during  that  time  no 
striking  alterations  appear  as  yet  to  have  taken  place 
in  the  muscular  fibres  themselves,  it  may  be  assumed 
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that  these  first  changes  of  excitAbUit;  are  to  be  !«• 
fenvil  ntih«r  to  the  iiitra-miiiioulnr  bnuiohet  of  the 
nerres  and  their  tcnniimtion^  than  to  tho  mnsdM 
themselTC*.  Concurrontly  with  the  diminutioii  of 
excitAbiltty,  'which  is  caused  hy  the  soparaticHi  of 
the  nerre  from  the  centre,  muBcnlor  excitabitity  la 
diminished;  but  it  does  not  completely  disappear, 
because  the  contractile  fibre  with  its  inherent  irrit^ 
Vility  is  still  in  existence.  The  abore-mentioned 
nlterutions  of  excitability  are  obserred  towards  the 
end  of  the  second  week  ;  thurc  is  diminished  effect  of 
currents  of  instantaneous  duration,  increased  effect 
of  currents  of  long  dnration,  and  preponderating  effect 
of  tlie  positive  pole.  Those  coincide,  as  rt-gards 
time,  with  thv  commencement  and  increase  of  the 
proliferation  of  muscular  nuclei,  and  those  alterations 
which  result  in  amyloid  de^neration  and  the  pro- 
liferation of  interstitial  connective  tissue.  The  dimi- 
nution of  excitability  which  appears  at  a  later  time 
coincides  with  the  ceswition  of  these  anatomical 
processes,  and  the  atrophy  of  tlie  muscular  fibres, 
which  is  rendered  more  <>r  Icra  permanent  in  conse- 
(inence  of  the  cicatricial  retraction  of  the  hyper- 
trophied  connective  tissne. 

These  phenomena  are  of  importance  fun*  tJic  dia- 
gnosis of  palsies  in  which  these  altenitions  of  excita- 
bility are  observed.  They  show  us  with  certainty 
tliat  the  paialyaing  lesion  has  completely  inters 
^K  rapted  the  conductivity  of  tbe  nerve,  and  that  de- 
^^  mneration  of  the  nerve  has  been  the  conaeqoence. 
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They  aUo  ehovr  us  tho  scat  of  the  paralysing  lesic 
inasmucli  be  tliej  occur  only  in  tbe  motor  and 
motor  peripheral  neiTes,  and  not  in  central  panlj 

The  prognociis  of  auch  peripheral  pftbiiea  apjii 
therefore  to  the  first  iustojice  dependent  upon 
cause  of  the  paralysis,  and  is  more  faTOurablo  wl 
this  can  bo  rapidly  removed.     Before  the  cause 
removed  any  therapeutical  measures,  which  are  pel 
pherally  applied  to  the  paralysed  nerves  and  itiuscl 
tnnst  itieritabty  foil.      Experience  shows    that 
CMcs  of  facial  palsy  of  this  kind  a  few  tuotitlis  mt 
elapse  before  the  first  trac«s  of  motility  roappea 
and  even  then  more  tim«  is  reqoirod  for  the  com- 
plete restoratiou  of  voluntary  power.     liecorery 
often  incomplete,  and  distortion  of  the   face,  or 
least  a  certain  stiffiiegs  and  rigidity,  may  remain. 

Frofeiisor  Krb's  investigations  are  almost  entii 
confirmed  by  a  scries  of  researches  which  ha^ 
about  tho  same  time  bccu  made  by  Pmt« 
Ziemsscn  and  M.  Weiss,*  who  experinient«d  on 
rabbits,  in  order  to  dct4<rmino  thi>i  relations  of  motor 
oerres  and  muscles  to  both  the  continuous 
induced  current,  in  artificially  produced  iutemtl 
tion  of  nervous  conduction.  They  operated  on 
sciatic  luid  on  the  i>eroncal  nerve,  either  by  exci 
of  a  small  piece  or  by  ligature.  The  Uttur  pr 
ing  tJtey  found  on  the  whole  preferable,  because  it 
was  possible,  by  a  more  or  less  tight  ^ng  of  the 
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thrend,  to  produce  palsies  of  longer  or  shorter  dura- 
tion, und  also  because  the  injury  thus  made  allowed 
huding  bjT  Qrst  intention. 

The  immediate  eonserjucnce  of  the  operation  in  iiU 
e»an  irna  pnmlpis  of  the  whole  set  of  muitelea 
animated  bj  the  ii^nred  nerve,  which  continned  for 
a  timu  proportionate  to  the  aeveritj*  of  the  lesion 
made.  The  average  was  four  weeks  with  the  ligature, 
while,  after  excision  of  a  piece  of  tlie  nerve,  tlie  palsj 
lasted  (fix  or  seven  months,  or  on'n  more.  Consider- 
able w&fftiiig  of  the  le$  followed,  even  where  it  was 
paralysed  only  for  one  month.  Where  it  remuinod 
paralysed  for  six  months,  the  wasting  wus  not  only 
exc«Mive,  but  the  muscles  became  rigid  and  fihort- 
ened,  so  that  flexions  of  the  kneo  and  ankle-joint 
took  plaee.  After  the  injury  had  been  repaired  the 
cODtroction  and  rigidity  of  the  niuiteles  disappvArcd 
rapidly,  the  muscles  increusud  ui  bulk,  und  voluntary 
momnenta  returned. 

Zieiiissen  and  Weiss  found  the  alterations  of  excita- 
bility of  tlie  injured  nerve  and  the  paialyiied  niusfle 
to  the  continuous  and  induced  current  to  vary 
aooOTdtng  to  the  Mrerity  of  the  lestou,  but  follow  a 
d«tiuite  law  as  regards  their  find  appearance  nnd  pro* 
gMM.  They  corroborate  Erb's  discovery,  tbitt  the 
rebUJunsof  the  «ctt«  to  electricity  ore  totally  different 
firom  those  of  tJie  mtueU  to  the  same  agent. 

In  most  oaae*  it  was  found  that  from  twenty-four 
to  forty-eight  honn)  after  the  oi>eration,  the  nerve 
bod  completely  lost  its  excitability  to  the  clcctnc 

E  B 
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stimulus.      There   was   sometimes   on   Uie    firat 
second  day  an  apparent  increase  of  cxcitabilitjr, 
wliich,  liowever,  was  not  dne  to  any  changes  in  th» 
neiTC  itself,  hut  merely  to  au  increased  electric  coo- 
dactirity  of  the  skin  consequent  upon  the  operaiaoiJ 
The  minimum  duration  of  the  loss  of  excitability  wan 
three  weeks,  and  the  maximum  seven  months.     The 
central  end  of  the  nerve  regained  its  excitability  for 
(layB,  or  even  weeks,  before  the  peripheral  end  of  H.f 
Galvanic  excitability  generally  returned  a  few  daya 
before  the  faradic,  in  the  central  na  well  as   in  the 
peripheral  end.     The  degree  of  excitability,  both  pil- 
vanic  and  laradic,  was  always  much  greater  in 
central  than  in  the  peripheral  end.     The  return 
excitability  in  the  nerve  appeared  to  be  eimultaueor 
with  the  return  of  farado-muscular  contnu.'tility 
the  disappearance  of  exalted  galvano-muscular  exi 
citalnlity. 

With  regard  to  tbe  muadM  paralysed  by  the  opera^' 
tion,  it  appeared  thn-t  faradie  excitability  waa  diiui- 
oished  even  on  tlie  first  day,  and  completely  gone  on 
the  fifth  to  nineteenth  day  after  the  operation.  Tliif 
diminution  took  place  mure  gradually  the  nearer  to 
the  centre  the  injury  had  been  mode.  Where  the. 
injury  had  been  severe,  farado-muscular  excitabilit 
disiippeared  completely,  and  the  paralysis  oontant 
longer  in  proportion  ;  when  traces  of  it  reappeared,* 
a  very  powerful  current  was  at  first  required  to  ehow 
that  it  was  returning. 

Oalvano-musewlar  exciUthility  remained  unchuif 
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OQ  the  fint  d&y,  but  was  increased  on  the  second,  »o 
thnt  a  feeble  continuoas  current,  which  hnd  not  thu 
least  effect  ou  healthjr  muscles,  caueod  powerful  oon- 
tmctioQS  in  the  pual^sud  onc«.  This  exaltation  oS 
ezcitabititjr  beguo  to  decreuce  again  in  the  third  to 
seventh  weuk  after  the  operation,  and  fell  then 
either  to  the  normal  areni^,  or  even  below  it.  In  a 
few  cases  no  sach  exaltation  waa  at  all  perceptible, 
but  these  occurred  in  animals  which  wen;  before  the 
operation  uncommonly  sensitive  to  the  galviknio 
itimalus.  In  tlie  huge  m^ority  of  cases  galvano- 
mnscular  excitability  persisted  throaghont  the  affec- 
tion ;  it  was  loxt  onljr  In  those  where  a  somewhat 
large  piece  of  the  nerve  bad  been  excised ;  and  in 
these  caios  galvanic  and  faradic  excitability  fell  mnch 

tbe  eomc  proportion.  With  n-giinl  to  the  direc- 
tion of  the  current,  it  appeared  that  the  negative  pole, 
vrbicb  in  healthy  muscles  hafi  more  effect  than  the 
positive,  had  in  these  cases,  just  on  the  contrary,  less 
influence  than  the  positive,  which  was  by  far  the 
most  effective. 

Thu  loss  of  muscular  oontraiCtility  in  peripfaenl 
paraiysia  is  in  some  instances  a  very  valuable  guide 
to  dia^toeis.  Dachenne  haa  recorded  a  ca^e  in 
which  he  noticed  loss  of  contractility  in  tbe  para- 
lysed muscles  of  the  shoulder,  by  which  he  was  led  to 
the  dioguosis  of  local  ii^jury  to  the  nerves ;  and  uiler- 
vards  a  syphilitic  exostosis  was  discovered,  which 

B compressed   cvrtaiu  branches   of   the   cervical    and 
bnohial  plexus.     In  most  instances  the  excitability 
■  St 
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of  Uie  muscles  appeara  to  be  lost  very  soon  nfter  tlu) 
leiuoii  of  the  aorvtt  liu  oooorred. 


m.— PARALYSIS   FROM   DISEASE  OP  THE 
SPINAL  CORD. 

In  such  coMe*  the  electro-muscular  contmctilitjr  ta 
frequently  dimuiisbed  in  the  affect«d  mosolca,  but 
it  is  occaeioQolly  quite  normal,  although  the  bulk  of 
the  muscles  ma,j  have  notably  decreaaed  and  they 
miiy  refUae  to  obey  the  orders  of  roUtioa. 


IV.-HYSTEJUCAL  PARALYSia 

We  often  meet  io  hysterical  women  with  a  tnoro  or 
leae  complete  paralysia  of  oiio  or  botli  lower  vxtreuii- 
tiea,  which  is  usually  caoaod  byanxivty  orvxcitemeot. 

According  to  Duchenuc,  the  electric  excitalnli^ 
of  the  iniuick'a  In  normal  in  all  caBeB  of  hyatericai 
poraJyais,  while  the  electro-muacolar  eenBibility  (tJuit 
is,  the  eeusatioQ  excited  by  the  electro-maaonlikr 
contraction)  in  nearly  or  totally  gone.  But  such  ia 
by  no  means  always  the  case,  for  I  have  found  that 
in  a  certain  number  of  vui&s  of  hyttcrinU  panUysts 
the  excitability  of  thu  muscles  is  conciderably  di- 
minuhod,  especially  where  the  affectioD  is  of  long 
standing.  Duchtfnne's  aasertions  are  generally  correct 
for  recent  casea. 
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Cabb  5. — Bjitttrital  Panpt^ia  ;  dimmUhed  tueitabi- 
lity  of  the  miuelta, 

la  U»;,  1858,  I  Nnw,  in  coniraltation  niUi  Dr.  Todd,  » 
ladf,  tgeA  28,  uam^rrwd,  who  liad  nearly  tost  Uie  ilm  of 
htr  teg*  in  conNiM]nonoe  ofn  &ight.  Hor  gnit  ram  ulaggiir- 
iafC,  &iul  wl>ou  not  Bnffioieotl;  eupport«d  the  limlM  i^tu 
traj*  and  abo  fell  to  tlic  gmnnd.  Tlir  diwvuie  wimderM) 
kbont  the  Umba,  Bomolimea  attikckiug  more  the  right,  at 
otiier  tinm  more  the  iett,  Ing ;  for  n  Hbort  timn  tlic  right 
band  t)«ttnii>  aflVcted,  and  writing*  and  [davin);  on  lli«  )<iano 
WW  difficult  or  impoMnblo.  Wlicn  I  tirct  ww  her  nil* 
dragged  the  riftl>t  leg  aa  a  piece  of  inanimate  matt«r ;  tfae 
foot  swept  the  ground,  and  liL-ing  inclined  to  turn  iniddo, 
the  inner  edge  of  tlie  ahoe  was  jKenerslIj'  torn  af^or  it  had 
bswD  woni  for  a  few  dny*.  When  in  the  aitting  poNtnro, 
■he  was  neareelj  ahle  to  roijie  the  fuot  or  to  turn  it  (tal^ide, 
cr  to  mora  the  tooa ;  aho  ezporioacod  vny  gT«al  d!Bica]tj 
in  getting  up  fmm  a  chair,  aud  ia  g«tUug  iuto  and  out  of 
bed  ;  and  aJic  found  it  almont  imponiblo  to  prcnta  the  podah 
of  the  piano  and  the  harp,  Oa  aduuuistering  a  feeble 
faradie  eorront  to  the  mcton  of  the  Irfi  thigfa.  tho  mtiRcle 
immedialelj  contraottid,  but  tbo  aame  onrrent  waa  not 
atrong  emough  to  more  the  rectus  of  the  riyht  tbigk,  and 
■llbongh  I  notablj  (pcreMed  the  iaUniMty  of  the  giut«d1, 
wherebjr  the  Mxuation  of  a  powerful  thriU  througb  the 
tlogh  waa  produced,  only  feeble  ribrationB  appeared  in  the 
flbrea  of  the  ItA  recto*.  Tlic  tame  aiiito  wu  ob>«nred  ia 
the  pcronei  and  tibialn  msMtea  j  but  after  fluwdiaatiaii  bwl 
been  used  for  nomc  woeka,  ihs  nnlrttion  wu  M  fkr  raiUred 
that  alt  the  mnecles  of  the  rigtit  limb  rwpondod  ad  raadilj 
to  lJi«  curroot  as  thoee  of  the  Ml. 


V— LEAD  PALSY. 


Faraljus  cODseqiwnt  on    lead-poisoning    affects 
by  preference  certuin  seta  or  mtiselca,  ]«Aving  otlun 
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nnarly  or  totally  intact.  The  arms  and  bands  aiifi^, 
while  the  lower  extremitiea  rptoaia  compoitttiTel^ 
well,  and  in  the  arm  the  flexor  ronsclea  are 
and  the  extetwors  uitovked.  Generally  the 
communis  d]^t<^>rutn  in  first  affected ;  the  extenscafl 
of  the  forc-fingor  and  of  the  little  finger  follow 
their  turn ;  and  at  last  the  extonBOTM  carpi  mdii 
and  olnaris,  the  trioepe  and  deltoid,  and  the  mt 
of  the  baJl  of  the  thumb  become  weak  or  paralya 
Is  cases  of  this  kind  the  faradic  excitability  of 
muscles  is  always  much  diminished,  and  often 
entirely  lost,  not  only  where  atrophy  has  been  the 
coDsetjuence  of  lead-poiaooing,  but  also  where  the 
bulk  of  tlio  muscles  is  only  slightly  dimiuiabed ;  oad 
the  excitability  of  the  muscles  remains  in  some  cuMt 
impaired  even  after  voluntary  movements  hare 
regained  their  former  power. 

Casb  6. — Lead'palty ;  ncirtla&i^tfy  of  ike  ikmcIm  i 

S.  R.,  K  paintor,  ag«d  28,  bu  had  sevrml  ■(tacks 
lead*«o)ics,  from  wlik-h  lie  nK)ovon.>d  nnder  nM>dic«I  treab 
meat.     Six  wookH  botbra  I  snir  him,  Iw  hiul  pain  id 
joiota  and  tiritcbcH  iu  the  lefcs.    He  now  complaiBB  of  ' 
(Irojiping  of  tbo  left  wrijit,  and  of  ob«tiiiat«  ooattipntic 
A  blue  line  on    tho   gums  ia  dislinctlj  viuble.     All   Ibo 
extensor  mnMles  of  the  left  fonMLrm  mh  well  iu>  tho  dvltotd 
were  pamlyMxl ;  and  tlie  paiient  cuuld  only  miso  his  I 
fCon  if  tho  fint  plmlangtw  wnro  supported,  allowing  tl 
iiit«ro88ei  and  lanibrical  inusclea  Uiul  not  sufTered- 
Lnok  of  the  fure^na  appeared  hollow  in  GOQSoqnence 
atrophy  of  the  extensors.     He  found  it  diffimilt  to  rutd«  Uie 
una,  and  im[io«»iblc  to  exlAnd  it  to  a  right  angle  with 
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body.  The  flexor  miuclM  wcm  not  kflbctwd-  Tii«  right 
•mi  WW  weak,  bat  not  paralyBod.  Tlie  lower  extremities 
won  in  no  wajr  nffeoted.  On  npptj^ng  »  KoniRwhiit  potror- 
tal  oarront  to  the  deltoid  uiisclo,  only  iiltttliL  Tibrations 
appeared  in  it*  fibrvs,  which  wore  wiwtcil,  bal  no  coo- 
traotioiis  ooald  be  produced  iu  the  eit«DBors  od  the  hook  of 
the  fore-arm.  Farodisntion  wa*  nsod  ervrjr  other  dj^r  for 
about  four  ii-e«kB,  after  which  tlie  patient  had  recovered  a 
oooiiidenble  dc^uc  of  power  in  tbo  laiiitclon,  the  hiillc  of 
which  had  mnch  increased;  but  evou  then  the  exL'itakility 
of  the  exl«nM>ra  ot  tlio  IcFt  arm  wa»  mnch  tosa  than  of  thoae 
oftbarigbt. 


^le  diagnoeis  between  caaea  of  lead-puts^-  and 
other  kinds  of  paral^'eis  had  iiot  only  a  theoretical 
btit  also  II  {>nictical  interest,  ae  id  the  forniur  the  ap- 
pUcation  of  <.>lo>ctncitj  must  he  combined  with  a  con- 
stitutional treiitment,  while  some  other  fonae  of  polay 
jteld  rapidly  to  g^olvaiiism  alone.  When  a  patient 
status  thiit  hi!  had  ncvur  to  his  knowled)^  bwn  vx- 
poaed  to  the  influence  of  lead,  tJus  statement  is  no 
proof  that  the  parulysis  may  nut  oftvr  ull  ha  caused 
bjr  lead  ;  for  it  is  often  introduced  into  tlie  syst«m 
witliont  tJie  patient  being  at  all  awaru  of  it.  Nor  is 
the  paralysis  of  the  extensor  muscles  always  prvoeded 
by,  or  simultaneous  with,  symptoms  which  Ix'Iong  to 
the  constitutional  di»ea«e,and  which  would,  if  prt.-8i>nt. 
facilitate-  thu  diajrnufiia.  The  electric  response  of  thu 
muscles  is  Ui«roforo  a  most  vahiable  auxiliary  for  dia- 
gnosis, as  it  will  in  many  cases  enable  us  to  recog- 
nise with  certainty  whether  there  is  lead  or  no  leiul 
in  the  syst«m. 
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Uejer*  lias  recorded  a  very  instructivo  caM,  in  whioh  j 
FDOO^kMid  by  rundisatioti  tbal  llic  patient  wu 
fVom  lead- poisoning.  A  hatter,  aged  SH,  had  toe 
Diont^K  tiiffbrod  frnm  iitiffiiMS  and  wcalcneas  in  bcpth  Imada, 
whiclt  randerod  bim  onabls  to  nw  them.  Ku  farllft«r 
Hjmptoins  ircro  or  had  been  prcaenl  pntvionalf .  U^or 
exsnuDed  tlio  miuolM  bnuiicidly,  and  Taond  that  the  tab- 
toiunr  digitomm  conunnniH  roiude  did  not  respond  «ven  to 
ft  pow»rftil  current^  and  that  a  Tciy  slight  acnaation  only 
waa  caaKcd  in  it,  wbilo  all  the  other  niutclM  of  the  am 
answered  well  to  faradiaatian.  He  tberoforo  saspoct«d  th» 
«xiiit«Tiou  of  ]cad-poi»oning,  olthongh  tho  occapation  of  IhD 
patient  was  not  one  in  which  lead  i«  nsod.  and  altbovgfa 
there  were  no  other  aynptonur  pointing  to  the  preeenc*  of 
lead  in  tbe  sjstcm.  Fnrwti>Ation  was  then  naortitl  to,  bot 
thirtj-Miren  applioatioux  had  no  boneficud  effbut.  Two 
months  later  tho  patient  vras  woreo,  and  Ito  tbon  menlioDed, 
in  reply  to  ini]iiini>a  about  lc*d,  that  bo  bad  for  jreart  oaed 
Banff  pocked  in  k-ad-foil.  The  aualysin  of  this  aanfl*  showed 
the  prewncD  of  ■  considerable  ijnnotitf  of  loiut  in  it.  Snaflf 
waa  now  prohibited,  and  sulphnr  bntJi*  and  saline  pnrg*- 
tives  adtninurtorod  for  fonr  weeks.  Tbo  pnivy  was  then 
again  attacked  b;  faradiMtion,  and  the  patient  reoovond. 


VL— RHEUMATIC  PAILVLYSia 

In  this  fonn  of  pals;  the  electro-mnscnlar  con- 
tractility is,  according  to  Dnchenne,  normnl,  whOe 
the  sensatjon  excited  by  the  electro-muscular  oon- 
tra«tion  may  be  stronger  in  the  sulTerlng  side  tlian 
in  tho  healthy  p«rtfl.  This  is  true  for  recent  cases ; 
but  in  those  of  long  standing  I  have  almost  inrari- 
ably  found  the  excitability  of  tbe  moacles  impaired. 
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Vn.-PR0GRE3SIVE  MUSCULAR  ATROPHY. 

Ukrndo-muacalftr  oontructilitj  is,  in  tbi«  disease, 
quibi  proportional  to  tho  moro  or  1cm  atropliic  con- 
dition  of  the  fibres.  The  moro  tho  bulk  of  the  muscle 
is  dimiaisbed,  the  weaker  is  the  contia«tion  exhibited 
bjr  it.  In  this  disease  electricity  enables  as  to  dis- 
tingiii.'th  the  state  of  almost  erery  muscle  and  part  of 
a  niUKcIo,  whether  normal  or  atrophied.  Thus,  {or 
iiutiuice,  I  liavo  seen  cases  in  whi«li  not  the  whole 
tiubstiuicu  of  the  c-xt*.-u80r  communis  di(;itonmi  ww 
atrophied,  hut  raerelj  that  portion  which  extends  the 
middle  finger.  This  was  distiagniahed  by  placing  the 
electrodes  of  an  induction  upparatiu  upon  th«  bcUj 
of  the  extensor  communin,  when  only  the  foro-finger, 
the  foartb,  and  the  little  finger  were  extended,  while 
middle  fijiger  remained  quite  or  nearly  motionless, 
same  may  be  oh»erved  if  the  current  ia  dire€t«d  to 
tlic  intt.TOMei  and  lumbrical  muscles,  when  only  one 
or  two  of  them  may  respond,  while  the  oUiers  arc  not 
affected,  even  if  a  powerful  current  be  used. 
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CHAPTEE  T. 

ELECTRO-TUERAPBUTICS. 

The  tlLerapeatical  sphere  of  the  varions  forms  of 
electricity  has  of  late  hecome  bo  much  enlarged, 
that  those  who  have  not  given  attention  to  the 
gradual  progreas  of  this  snlgect,  Trill  probably  think 
the  catalogue  of  diaeaseB  in  which  the  nse  of  this 
agent  18  now  recommended  too  long,  and  object  that 
a  remedy  which  is  employed  for  complaints  of  snch 
very  different  character  is  not  likely  to  do  good  in 
any.  But  it  should  be  considered,  in  the  Bret  instance, 
that  '  electricity '  or  '  galvanism '  is  not  one  single 
thing,  but  that  there  are  four  different  forma  of  it, 
each  of  which  possesses  peculiarities  of  its  own, 
which  distinguish  it  from  its  fellows ;  while  from  one 
of  them,  viz.  the  continuous  current,  again,  three 
radically  different  effects  may  be  obtained,  according 
as  we  use  its  catalytic,  electrolytic,  or  cauterising 
action.  Then,  again,  it  must  not  be  lost  sight  oi 
that  modem  pathology  justly  attributes  a  far  more 
important  influence  to  the  vaao-motor  system  of  nerves 
in  the  production  of  disease  than  was  done  formerly, 
and  that  an  agent  which  has  been  experimentallj 
shown  to  possess  most  constant  and  powerful  efiecta 
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on  the  TBBo-motor  nerves,  is  i  priori  likely  to  be 
effective  in  diseases  caused  by  a  pathological  con- 
dition  of  the  some.  An  insUuice  of  tliis  is  to  be 
found  in  Basedow's  or  Gtqtcs's  disease,  where  the 
ftpplicution  of  gulvmnism  would  appear  a  priori  un- 
reaaouable,  unless  we  were  guidi^d  by  the  prtueiplc 
just  enunciated.  Finally,  it  should  bo  understood 
that  I  by  no  means  wish  to  convey  the  idea  that  all 
diseoaea  which  ere  discuMed  in  this  chapter  most 
of  necessity  bo  treated  by  some  form  of  eleetricity. 
I  fimtly  believe  tliat.,  iit  tbo  large  uis^ority  of  cases 
which  come  under  our  care  in  the  counse  of  pnutice, 
there  are  three  or  four  different  ways  of  curing  tJie 
patient ;  and  it  ts  the  object  of  therapeutical 
sciotioe  to  find  out  the  sofeot,  quickest,  and  least 
nnplooaant  mode  of  doing  so.  This,  however,  con 
only  be  accomplished  by  comparing  thu  resultA  ob- 
tiuned  from  different  methods  of  trL'atment,  whieh 
will  eventually  lead  as  to  adopt  tlie  best.  In  the 
following  chapter  it  has  been  attempted  to  show  what 
tt  scientific  use  of  the  various  forms  of  electricity  can 
accomplish  for  the  allvviution  or  cure  of  disease ;  but 
it  is  by  no  means  intended  to  urge  its  exclusive 
adoption  in  place  of  other  remedies,  which  in  some 
complaints  may  be  equally,  or  perhaps  even  more, 
effectivo.  Certain  morbid  conditions  are  only  men> 
tioned  i»  onler  to  state  that,  for  the  present  at  least, 
no  beneficial  effects  can  be  expected  in  them  from 
electricity.  On  the  otlicr  hand,  there  ore  affections 
^H^  which  nothing  bvt  elntricittf  can  do  real  good,  and 
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for  theeo  its  cinplojinoiit  will  be  moet  itrongly  re- 
oommended  ;  while,  fiually,  there  are  aotue  in  whitili 
electrioitj  nw;  be  resorted  to,  eitlior  after  oQur 
modes  of  treatment  hare  &i]ed,  or  wliere  phjueian 
and  patient  incline  more  to  eleotriciljr  than  to 
plij'sic,  or  to  a  inere  dietetic  aud  hjgiecuc  kind  ol 
treatment. 

The  precise  mode  in  which  electricity  prodtuet  Itl 
tliempouticul  fflicd^  is  still  to  a  givat  i^xtvnt  shrouded 
in  myeierj ;  but  much  morti  is  now  known  of  it  than 
was  the  case  formorly. 

Static  Eieetridif  ia  a  powerful  excitant,  espedally^ 
for  tJie  sentient  nerres,  and  majr  be  uneA  with  bcoefifrj 
wheraver  it  appears  dMtniblo  to  produce  a  profoa 
modification  of  their  condition.     It  appears  to  ha* 
greater  effects  in  aotutliesia  thun  any  utlwr  form  of 
electricity,  and  may  likewise  be  lutcd  as  a  uouuter- 
irritant  in  headache  and  certain  forms  of  ne 
and  spasm. 

The  e&cts  of  the  conliawnu  gatvauic  eurr^nt  am 
madmoraooroplioat^d  tluui  tio«e  of  static  electricify^y 
and  in  some  instancCH  do  not  aa  yet  admit  of  am 
vatisfuotory  explanation.    Wu  easily  underetand  it* 
thermic  and  elt-ctrolytic  eSecta,  in  cases  where  the 
corrent  is  made  to  do  the  work  of  the  actoal  and  the 
potential  cautery ;  but  ita  mode  of  action  on 
nerroiu  njttea,  when  this  is  in  a  state  of 
isnuns  at  the  present  time  more  or  less  matter 
bypoUtesis. 
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K«inBJc  *  diatiuguishes  thnx'  priticipal  effect*  of  tho 
coutinuous  cmrent.  viz.  Hie  catuljtic,  Uic  iuiti-H[)«A- 
modic,  and  tlie  anti-paralytic.  The  first  of  these  are, 
ftccording  to  him,  chiefly  seen  in  inflatnmatory  cod- 
ditioTiH  and  their  cODseqnenees.  He  has  called  them 
catalytic,  because  an  ftnalysis  of  Uie  facta  obiierved 
bj  him  has  sbovm  tJiat,  wboro  tJio  ooiitiuuons  corrent 
remoTCB  a  morbid  condition  of  tho  tisauos  caused  hy 
defootivu  circulatioo,  or  by  efhiaione,  tliia  ofloct  is 
not  mervly  due  to  ainiple  electrolysia,  but  that  the 
principal  part  in  it  is  played  by  dilatation  of  the 
bloml-ressels,  whereby  otrculation  and  absorption  are 
facil!tj>ted.  Such  catalytic  effuctx  am  to  bv  obacrred 
in  inflammatory  conditions  of  the  tnatn,  which  canae 
tremor  and  spasm;  in  inflammation  of  the  spinal 
cord,  with  coaaequent  palsy  of  Uie  lower  extremities, 
bUddor,and  roctnm ;  in  chronic  painfiil  rheumatism  of 
the  joints,  musclca,  tendons,  pvriosteum,  nurvtis,  and 
in  certain  Hposmodic  affections  caused  by  local  irri- 
tation ;  in  inflammation  of  the  joints  caused  by  itgury 
or  rheumatism ;  in  e6Eusions  which  are  the  conw- 
qaeuce  of  iiiflamniation,  esjiecially  in  tlropay  of  the 
joints ;  ami  in  painAil  and  inflamed  tumours.  Con- 
cerning the  Riodo  of  application,  Remak  is  guided  by 
the  view,  ,tliat  a  convoyanoc  of  liquids  is  cffect«d 
between  the  two  poles,  and  which  proceeds  in  the 
dimrtion  from  the  positive  to  the  negative.  He 
therefore  advises  to  place  the  negative  pole  to  the 
inflamed  part,  and  the  positive  somewhere  tn  it* 
*  L.  a  ii  m. 
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neighbonrbood  ;  btit  as  booh  as  symptoms  of  effora 
aro   preaent,   tlie   position   of  ihe   poles   should 
reversed.     Again,  where   the   character   of  the  i 
flatomatioii  is  crtrthic,  ibe  positive,  and  where  it 
torpid,  the  negatirc,  pole  should  be  employed 
prcfvrcao^  nour  tltc  scut  of  disease. 

The  anli-fparmodie  effeeU  of  the  continuous  cum 
ar«,  according  to  the  same  observer,  partly  dae  to  i 
increasiDg  the  power  of  rolitioa  over  the  mnscl 
affected  bj  spasm  or  tremor,  and  to  its  removing  c»< 
lytically  any  irritation  which  may  cause  the  span 
an<l  partly  to  a  direct  reduction  of  the  exalted 
citability  of  the  nerves  or  muscles,  which  causes  lo< 
spasms.  These  effects  are  chiefly  seen  in  the 
mont  of  reflectory  spasms,  such  as  blcph: 
and  hixtrionic  spaitm ;  in  tbc  comm(.'ncem< 
shaking  palsy ;  in  nystogmns ;  in  scrivener's 
stammering,  and  chorea. 

The  anti-paralytie  effect*  of  the  continuous 
may  bo  observed  in  hemiplegia  and  ponpli^ia,  w. 
the  disease  causing  these  afflictions  bos  not  too 
foundly  affected  the  nutrition  and  structure  of  the 
brain  and  cord ;  and  also  in  ann!«tbe«ia,  atrophy 
the  muBcles,  tranuuitic  paralysis,  and 
paresis.  Kemak  ascribes  these  effects  to  the  e 
causing  dilatation  of  the  blood-vessels  of  the 
centres,  which,  if  contracted,  do  not  allow  the 
freely  to  circulate,  and  also  to  its  action  on  the 
nems  of  the  heart  and  of  respiration ;  whereby  a 
more  healthy  metamorphosis  of  matter  is  caused. 
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Ziomssim  *  has  subjcctod  Bomak's  propoaitionB  to 
a  serere  criticism,  but  is  nevertlielefis  obliged  to 
confew  tbat  tliey  are,  to  nonie  extent^  wanunt«<l  bjr 
tho  practical  ro«nIt«  obtained  fW>iii  the  lue  of  the 
contiiiuoas  j^vanic  current.  No  doubt  they  wiD 
have  in  time  to  be  considerably  modified,  aa  oar 
experieuce  of  the  effecta  of  the  current  becomes 
enlarged ;  but  until  now  nothing  better  in  the  way 
of  an  explanation  tins  been  offered. 

There  ia  one  point,  however,  which  Remak  has  not 
tooched  upon,  and  which  I  am  inclined  to  consider 
of  importance.  Du  Bois-Beymond  and  his  school 
have  shown  tliat  the  most  important  vital  phenomena 
which  occur  in  the  nerve  consist  of  different  elcctri- 
eal  Conditions  of  tlie  same;  and  it  may  therefore  be 
assomcd  that  in  dixoasc  of  the  nerves,  their  electrical 
conditions  must  be  considerably  altered. 

Now  it  is  known  that  the  continuous  current  has 
ft  powerful  influence  on  the  electricity  of  the  nerve 
(E1ect»itonus,  p.  103) ;  and  it  is,  therefore,  by  no 
means  improbable  that  in  many  cases,  esi>ectally  of 
ftinctional  nervous  affections,  it  may  act  by  reirturing 
tiie  systemic  current  of  electricity  to  its  proper 
condition.  No  form  of  electricity,  cicept  the  con- 
tinuous current,  has  electrotonic  effects,  in  Du  Bois- 
Iteymond's  sense ;  and  this  would  therefore,  to  some 
extent,  explain  tlie  superiori^  of  the  continuous 
current  over  other  forms  of  electricity  in  the  treats 
ment  of  certain  purely  nervous  affections.  Further 
•  L.t.f.  ej. 
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retnarks  on  this  subject  will  be  made  ooder 
faesiliiig  of '  Spinal  Weakness.' 

The  mode  in  which  faradUatMn  meiM  is  Bi' 
better  understood,  lu  it  is  not  noarij  to  complloua 
us  the  mode  of  action  of  tho  contiauotu  currm 
For  paralytic  afft^ctions,  tho  propositions  which 
hare  laid  donn  in  the  first  edition  of  this  work 
atill  in  perfect  contionaaoe  with  our  present  enlarge 
knowledge  of  tliin  subject. 

Thoj  are  as  follows  :— 

a.  TkMfaradie  sUmulut  is  eapabU  of  ditturhing  th 
mntsaUar  equiUbrium  of  Hit  motor  nercet  andi  mumrler, 
•s  M  to  proiuee  the  aiaU  m  which  thty  are  jiAynoJoyi- 
eaUy  aelive.  This  distur^aca,  i/judUiotuly  produMd, 
doet  not  cause  any  iijtuy,  bvl  ImiU  le  r^HSttoNuA  or  to 
taiMtioraU  th«  loit  or  impaind  fimeliou  of  th«  moi 
narvef  and  mttteUt, 

As  the  first  part  of  this  propoeition  is  derived  fi 
the  teachings  of  electro-physiology  (p.  177),  I  will 
only  say  a  few  words  on  the  Utter  pari,  wltich  is  an 
induction  &om  my  own  thompeatical  vspvrtoncv. 

There  are  two  kinds  of  paralytic  aScctaons  which 
are  often  beneficially  affected  by  faradiaatJop,  in 
which  by  this  proposition  only  we  are  able  to  explain 
the  suoocsi  of  the  treatment.  I  allude,  in  tho  first 
place,  to  cases  in  which  tho  excitability  of  tht*  pam- 
lysed  muscles  to  the  farndic  stimulus  is  prtMivtd, 
and,  in  the  secund  place,  to  cases  in  which  it  is  loti. 
Now  if,  as  has  often  been  contended,  foradisatioa 
acted  beneficially  only  by  producing  ootitroclion,  and 
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Uiufl  improving  thft  nutrition,  of  ihe  paralj'sed 
muscles,  cases  like  those  just  mentioned  could  not 
possibly  be  HmcUorntod  or  cured  by  it ;  fiince  in  tbe 
former  cbisa  uf  caites  the  nutrition  of  the  musclen  i« 
perfect>  bs  they  respoud  freely  to  «  ^ntlo  current ; 
and  in  the  latter,  no  contraction  of  the  muscles  is 
produced.  Yet  caaes  of  cerebral,  rheumatic,  and 
hysterical  paralyiiis,  in  which  tlie  paralyEH^l  mu.scle8 
hare  quite  prcsen'od  tbeir  oontmctilc  fwwer,  are 
often  conaidvriLbly  and  mpidly  ameliorated  by  furo* 
disation  ;  while  on  the  other  Imnd,  cases  of  leud-piUirr 
and  of  traunmtic  paralysis  recover  under  its  influence, 
oltliough  in  the  couinencewent  of  tlie  treatment  the 
pumJysud  mu«cle«  do  not  respond  even  to  a  current 
of  high  tension.  In  such  cases  the  beoefictaJ  effect 
cBunot  be  uxpkined  by  the  electricity  producing  oon- 
tractioQS  of  the  pumlysed  muscles,  for  no  contraetiona 
are  produoed ;  nor  by  its  causing  an  incroaaed  supply 
of  arterial  blood  to  the  timbs,  for  no  iiicreuw  is 
obeerrable,  eitlier  in  the  tiimjwrature  or  iu  the  bulk 
of  the  niiiHcles :  but  only  by  tbe  supposition  tluit  th« 
current  restores  tliut  mobility  to  tlie  molecules  of  the 
ncn'es  and  muscles  tvhicb  is  necessary  to  enable  them 
to  be  physiotoitically  active. 

b.  Tht  /araJic  Htmutut  allowm  fAa  ii«owar)r  altnf' 
naU  cvnIraftioH  and  tstpimtitm  tif  fAc  vnMin^t*,  tvilhovl 
whieh  thtir  nulritiou  U  ijenfratly  toon  tfriouily  im- 
jiairttt. 

This  fact  huriug  never  been  called  iu  questioD*  I 
merely  adduce  the  evidence  of  the  obaerraHou  of 

If  r 
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Dr.  John  Reid  whicli  hare  been  previoaslj  me&tionei 
(p.  216.) 

c.  Thefaradic  BtimTdua,  by  producing  amtracUotu  o 
the  muiclea,  and  thus  augmenting  the  eA«mteaI  eJumge 
in,  that  it,  the  oxidation  of,  the  amtracHU  titttte,  eatue 
a  more  aJrufidant  gjtpply  of  arterial  hlood  to  it,  which  i 
evidenced  by  an  increase  of  heat  and  bulk  in  thote  parti 
which  have  been  faradited,  and  which  in  ita  turn  avg- 
menta  the  nutrition  of  the  muscle. 

ThU  propoaition  has  likewise  been  fullj  proved  in 
the  second  chapter  of  this  volume  (pp.  233-240). 

In  aneestheBia,,  hTpenesthesia,  and  apaam,  fitradi* 
sation  a«t8  in  the  same  manner  as  static  electxicifrf. 
viz.,  by  modifying  the  condition  of  the  aentieni 
nerves  of  the  part  submitted  to  its  influence.  Th( 
particular  kind  of  this  influence  has  been  previouslj 

i  described  (p.  242). 

'  The  differences  existing  between  the  physiologicaJ 

and  therapeutical  effects  of  electro-magnetism  and 
magneto-electricity  have  already  been  noticed  in 
another  part  of  this  volume  (p.  347). 

If  it  has  been  decided  to  adopt  an  electric  treatr 
ment  in  a  given  case,  and  the  special  form  of  elec- 
tricity to  be  used,  as  well  as  the  mode  of  its  admi- 
nistration has  been  fixed  upon,  it  further  remains 
to  determine  how  often  it  should  be  used,  and  when 
the  treatment  should  be  discontinued.  In  rare 
cases  one  or  two  applications  of  electricity  are  suffi- 
cient to  cure  a  patient ;  such  being  chiefly  instances 
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of  bjpsterioal  and  reflex  paTnlf8i«,  loss  of  voice, 
muscular  rhcninstisni,  and  iutionorrh<ca.  In  most 
cases,  however,  it  is  necciisarj-  to  use  ulectricity  for  a 
moDth  or  six  weeks,  either  daily  or  on  alteroste  dajm, 
according  to  the  severity  of  the  affection  for  the  cure 
of  which  it  in  etuplo^ed.  If  the  patient  is  well  l>efuTe 
the  inoiitli  is  over,  it  is  not  nccASsarj  to  continue  1h« 
treutuvnt ;  in  some  instancus  it  may  eron  be  hurtful 
to  do  so.  An  example  of  this  tatter  kind  will  be 
found  in  the  section  on  neuralgia.  Aa  all  nervou-t  ilScc- 
tione  are  distingutshed  bjr  their  great  ti-ndt-ncy  to 
relapKes,  it  is  often  adrimblc  to  prescribe  subtequcntly 
a  second  or  CT«n  third  oourw  of  galvanism,  if  sym- 
ptoms which  have  in  the  first  instance  yielded  to  it 
should  reappear  at  any  time  after  it  has  been  dis- 
continued. If  the  patient  should  not  be  well  at  tlie 
end  of  a  month  or  six  weeks,  it  is  geuemlly  bettor  to 
discontinue  the  trcatineut  fur  two  or  thrw  niontlis 
and  then  t<>  rceoiutneuce  it.  A  second  course  of 
galvanism  ofton  rapidly  cures  sj-mptoms  which  buve 
obstinately  resisted  tlie  6rst.  The  only  complaints 
in  which  the  galvanic  treatment  should  be  con- 
tinued without  any  interniptioii  until  the  jMitiont  is 
well,  ore  pro^'ssive  muscular  atrophy  and  diabetes, 
if  it  has  been  decided  to  resort  to  it  in  such  CMM. 

I  now  proceed  to  consider  the  therapeutical  offfloti 
of  the  diiferent  fonns  of  electricity  in  those  diseases 
for  the  relief  or  cure  of  which  they  have  been,  or  are 
to  be,  medically  employed. 
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Whether  aiij-  form  of  electricity  may  eventaally 
prove  eubstaiitially  ii»ofiii  iti  diaorderii  of  the  mind,  it 
at  preMi-tit  a  niatti-r  of  doubt  and  uDCortiiinty.  As  &r 
a»  I  am  aware,  no  alienist  physician  ha«  ever  yet 
resorted  to  a  methodical  tu»e  of  it  in  patienta  of  tliis 
bind,  vrhile  most  of  those  who  occupy  thewselrw 
specially  witli  the  therajieuticai  application  of  el6i>- 
tricity,  nre,  ns  a  rule,  not  consulted  in  such  cubm. 
AmonfTflt  the  best  authors  on  clectro-thcrapentJco, 
Meyer,  Ziemasen  uiid  Tripicr  an.-  qnit«  silent  on  this 
subject,  Itemak,  on  the  contrary,  states  that  be  haa 
seen  good  reBiilts  from  the  use  of  the  contiuaous 
current  in  morbid  conditions  of  the  briiin  accom- 
panted  by  disorden^d  mental  functions.  He  con^ 
eluded  from  the  occurrence  of  symptoms  of  diBeaw 
of  certain  cerebral  nerves  in  mich  ca^es,  that  th«  scat 
of  the  piitlioloi^ical  process  wiia  at  the  base  of  the 
brain;  but  it  ia  more  likely  that  in  liis  CMeti  the 
affection  occupied  the  pons  VaroUi,  discaMS  tst  which, 
wben  they  have  existed  for  some  time,  are  almost 
invariably  accompanied  by  symptoms  of  mental  dis- 
turbnnce. 

Benedict '  is  of  opinicMi  that  these  aecondarj 
mental  diaturbanct-s  are  caused  by  on  affection  of  the 
ru«i>-motor  nerves,  and  may  thcrofore  be  cured  by 
F^Tonisation  of  the  sympathetic.  He  thinks  that 
such  appUcatious  promote  the  absorption  of  effusions, 
■  tnK.  clt  p.  !03. 
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Kod  Uiereby  remove  pressure  on  the  nerrous  matter. 
SjmptoDis  or  nientul  disturbftiioe  <^iieTmlly  Mcur  in 
cooaiiqucnco  of  diffuse  Jogi-ncratioii  of  tliu  gntj 
matter  of  tfao  homisphureti,  and  ttot  go  mucli  upon 
more  local  pathological  processes  wiUiia  tbv  skull. 

Benedict  hoa  recorded  three  oaaea  in  wliiclt  ineuta) 
nptoms  were  improved  by  galraniaatiou.  Ooe  of 
wus  tlie  caae  of  a  uusiciau,  aged  42,  who  wu 
bed  with  geucrnl  prustratjoii,  uad  MiifTL-red  from 
10,  impaired  niemorj,  deficient  powvr  of  appli- 
ktion,  and  difitressUig  sensations  in  the  head.  The 
continuoua  current  was  applied  along  .the  spine; 
after  six  applications  the  patient  could  walk  without 
support,  and  by  ftirthi-r  tiDfltiiioiit  all  tlie  huid- 
sjrmptoms  were  c-onsiderably  improved,  su  that  he 
ooold  return  to  the  actire  exercise  of  his  profession. 
The  second  case  was  tliat  of  a  cabman,  nged  57,  who 
amongst  other  cerebml  HytaptiiniB,  tiuflereJ  from 
extreme  weakness  of  memory,  aud  was  apt  to  burst 
into  teura  on  the  slightest  oocuion.  After  a  few 
weeks'  galranisation,  he  was  much  hotter  ia  eroy 
respect,  and  laughed  when  tus  previous  depression 
of  spirifa  was  allnded  to.  Ue  was  eniiblL-d  to  return 
to  his  buainetui.  The  third  case  was  tliat  of  a  balf* 
idiotic  boy,  who  was  Ukewi;«e  Uaprovcd  by  gotvani* 
sntion  of  the  brain,  although  not  to  uiy  Tcry  great 
Ifxtent. 

I  have  luul,  in  ttie  course  of  practice,  somewhat 
fh>quent  opportunities  of  obeerring  the  beneficial 
ifluence  of  the  continuous  current,  in  casns  where. 
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in  coosoquonoc  of  impaired  cer«bnlDutrit!oii,i»cntA] 
symptoms  luid  made  tJielr  app4«nmcc ;  and  I  ftKil 
convinced  that,  in  well  eelected  cases,  highly  satisbo- 
tory  resnlts  mn;  be  obtained  by  a  judicious  mode  of 
gal  trail  isat  ion.  Pbjaicinns  to  county  aaylnms,  where 
Buch  caws  abound,  would  find  thlii  subject  an  in- 
tcrcstiBg  study,  and  I  should  be  glad  if  the  following 
rmn<Lrk8  were  to  luduoe  some  of  thviit  to  ^ire  it  their 
special  attention. 

The  study  of  the  effects  of  the  continaotu  carreut 
in  such  cues  is  very  much  facilitated  by  the  circom* 
stance  that  each  applicatdon  should  rarely  exceeA 
two  or  throe  minutes. 

Ltm    of   Umtal   Energi/  from   [mperfut   Cenhral 
Stiirilion. — Cases  frequently  occur  which  cannot  be 
clasaided  either  aa  paralysis,  or  insanity,  or  any  oth»r 
definite   disease   of   the   nervous   system ;    bnt   the 
symptoms  of  which  are  evidently  due  to  impairvd     , 
nutrition  of  the  t;ruy  matter;  und,  if  unchecked  foS 
their  protrresi,  would  in  course  of  time,  andotibtedly  " 
mer^  either  into  paralysis,  or  insanity,  or  both.     lu 
such   cases   I   believe   galvanisation  of  the  nervous 
centroa  to  be  one  of  the  must  mtional  modes  of 
treatment. 

Cabs  7. — A  ncrclimt,  agoA  48,  widower,  ctmauticd  mw 
in  Ukroh  18(i7,  for  n«rvouiuieM  siul  imtslnlily  of  Uriii[icr. 
Ha  hud  for  yi'ani  pnat  oipononcod  MMui(Uinil>lesiu(i(i)y  in  I 
bnniniMM,  to  wliiuh  ho  attributed  Iiia  iUiumii.     Ho  conipUinml  ■ 
of  a  spnsation  of  woigbt  and  pmsura  at  tlw  top  of  Uk-  hnd 
And  in  the  teni)i1(.'ii,  vid  of  dixtitiooH,  cliii-fly  on  stoopin);  i 
looktBg  iipwanls.     His  uidiaoi-y  and  [luner  of  appli^ 


oopin);  nnd  m 
applioatiou  M 


obJlT.t.]  DISOItDERS  OP  TUE  HIND.  430 

wen  veiy  maob  uii)>nired.  The  opeech  WM  somewliat 
ftSbctwl,  so  thnt  tiK  pUioDt  would  stop  in  tho  middlci  of  r 
sontcnoe,  heaitstfl  for  •  few  wcouds,  and  then  tbrapUy 
finish  it.  Whenever  anything  oncxjirclvd  or  dixngrF^sblc 
occurred,  ho  becAiue  vcrjr  much  flushed  in  tlip  face,  Md 
•ensBtiona  of  tingling  roKiubling  u  iilight  ^toctric  idioek 
rnnBing  down  bis  bftodt,  and  wonld  for  the  time  cant- 
pletcljr  Uwe  the  fucoltj  of  Mpuocli.  The  rti^ht  pnpil  WM 
huxer  thuu  tliu  leR,  and  tbu  sight  wm  onaii  dim.  The  teni- 
potultirv  grthu  right  cheek  wm  1^8^  adiI  thiit  of  the  Mi  87° 
F.  Th«  right  ear  was  aUo  hotter  tluiu  the  IclV  The  puW 
was  somotimoH  intermittent  nnd  irrvgulor,  nnd  tlio  pot.ient 
coinplftioed  of  ixUpilAtiuus  of  tlie  htuirt  vid  shortnou  of 
bretttli  in  WBlking,  mora  cqiociallj^  on  going  upstairs,  but 
dicre  was  no  disease  of  the  henn  or  lun^  in  this  cASd. 
kThe  tongno  was  dty  bati  thii-kly  contcd,  tlio  appetite  in* 
|diff«rotit,  Mid  a  sonse  of  fnlncM  an<l  hoiiirinoss  wkh  expo- 
BDceil  lifter  du«1h.  The  action  of  the  howeb  wiia  irregnlar. 
lie  urine  ronttunod  nn  onomiimK  excess  of  phosphate*,  bat 
'sot  of  urea,  and  the  exjjulHive  power  of  Uie  bladder  was 
diminisbcd.  Tbc  patient  liad  beooiDe  verj-  stout  daring 
tlia  last  few  jeata,  and  his  musoles  were  Gxlremely  Asbbjr. 
|G«  rarolj'  look  ootiTD  exonosc,  U  it  m-onu'd  to  tnnko  'him 
worse.  He  had  alreodjr  talten  iron  and  quiuinu,  stf^-ohnio. 
betladonna,  and  bromide  of  |)o(itiiHium,  but  wilhgnt  anjr 
improromcnt.  Por  the  lust  eighteen  moutlu  he  bad  felt 
too  feeble  to  attcn<l  to  his  bnsinoM. 
In  this  cose  galranisotioit  of  the  spine,  the  ocrabral 
nispherev,  and  the  sympatlietic,  was  reonricd  to  with 
arj  rosnlts.  Almost  all  llui  nuirbid  Mjinptunu 
gradually  jtekled  to  it,  and  tea  weeks  after  (lie  cmnmuiice- 
^ment  of  Ifao  trtnttniiiiil  tbe  patient  waa  enabled  to  return  to 
I  businca*.  Uc  found  that  he  coold  wuric  well  for  about 
I  couple  (>r  hours  bnl  that  when  bi<  w<-itt  Im-jtoiuI  thai,  Uio 
uptoDui  of  prenanra  on  the  bead  and  tint;liug  in  tltu  artiia 

I  apt  to  return. 
The  patient  hiwl  another  bat  maob  aborter  oour»o  of 
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galvanisation  in  November  1867,  and  ^ain  in  Jnne  1868, 
when  several  of  the  old  Bjmptoms  had  re-appeared.  On 
both  these  occasions  they  yielded  rapidly  to  the  infln- 
ence  of  the  continnona  cnrrent;  and  when  I  saw  the 
patient  last  (May  1869)  he  wae,  although  not  stronff,  yet 
in  good  health,  and  liad  been  enabled,  by  restricting  bis 
honrs  of  work,  to  attend  to  his  business  without  any 
interruption. 

Dipsomnnia  and  Excessive  Spirit  Drinking. — I  am 
strongly  iDcIined  to  believe  that  a  eyetematic  nee  of 
the  continuouB  current  would  prove  of  much  service  in 
dipsomania.  I  have  up  to  the  present  time  only 
treated  one  case  of  this  affection,  with  apparently 
good  effects ;  although  the  time  elapsed  since  ihe 
patient  was  discharged  (sixteen  months)  is  not  suffi- 
cient to  know  whether  the  effect  has  been  permanent. 
But  I  have  seen  a  considerable  number  of  cases  in 
which  mental  depression  and  nervousness  were  so 
great  that  the  patients  had  long  been  in  the  habit  of 
taking  large  quantities  of  stimulants,  in  order  to 
deaden  the  acuteness  of  their  wretched  sensations ; 
and  where  the  morbid  desire  for  alcohol  was  rapidly 
checked  as  soon  as  they  were  fairly  brought  under 
the  influence  of  the  continuous  current,  applied  in  an 
ascending  direction  to  the  spine,  the  cerebrum,  and 
the  cervical  sympathetic.  One  of  these  cases  ia  the 
following : — 

Case  8, — In  Jnnc,  1868,  a  lawyer,  aged  3",  married,  came 
under  my  care,  who  lind  in  conseqncnce  of  (ivt'rwork  and 
nnxiety,  got  into  ii  state  of  cotiiplctt  ncrroue  derangement. 
He  was  utterly  incapable  of  any  nientjil  or  bodily  exertion 
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bsAire  Ito  had  lakcn  three  or  fVnir  onncoB  of  tmindjr  (in  the 
mOTBitig).  and  wiut  in  tho  hnbit  of  conoaming  mtb«r  nior* 
ihao  K  [lint  of  spirit  ereiy  d»y.  He  baled  iho  rery  aight 
and  nacll  of  bnindy  ;  hut  if  he  did  not  take  it,  *uch  hoTribl<> 
tboiiKhtA  cuttie  into  his  liead  ns  to  render  Kfe  porfedJy 
intoU'rabti*-  Hi*  JadgraLmt  nnd  intellect  wero  not  impnirvd, 
tmt  he  had  not  tbu  slightest  control  over  the  dreadfal  idea* 
which  t-nnntiiatljr  flitt«d  aeroM  his  brain  if  not  nndor  th<i 
iniluonoeof  alrofaDl,  and  which  woro  chiefly  of  a  humidilat 
nnd  Huicidal  chamctor.  Tonie«  of  vwry  kind  ribiIo  him 
wonc,  and  Mcroral  allvratirea  of  considerable  efficacy  («ach 
as  bromi'le  of  potAs«inm  nnil  bichlorido  of  mcrcnry),  bad 
n[i|inrently  incrcaAod  \m  debility  to  ouch  an  extent  na  to 
nndcr  a  proloDged  coano  of  tlieni  tm[irn<!timb]o.  Under 
tJicM  circnmKtaneea  tbe  applicniton  of  Hie  continuous  cur- 
rent to  tho  nervous  centrw  M«med  expedient.  Within  a 
vntk  from  thit  commencnnent  of  tbo  tmtmoRt  tbo  pationt 
wms  able  to  disoontinne  the  brandy  in  Ibe  TnomEng.  After 
Ihnw  miinthn  he  hiul  oome  dowm  to  half  a  pint  of  sherry 
for  dinner,  and  look  no  spirits  vrbntcTer.  Uis  mcnUil  and 
bodily  health  improved  pari  j>tu»%  and  when  I  saw  him 
•gain  in  Mnreh,  ihG'),  be  appeared  perfectly  well,  and  had 
Mat  erery  «ymptoni  of  his  ptovioos  ilhieas.  In  this  com 
the  galTBnisRi  was  applied  forty-five  times.  No  medidne 
waa  given. 

Opium-Eating, — lo  this  country  opium-bating  in 
olWn  contracted  during  severe  attacks  of  neuralgia, 
or  after  family  nfflictions.  The  Iinbit  is  veiy  raretj 
broken  throti^jb,  If  it  bas  on<>>  (^iued  tlw  miLBt«i7 
ovvr  tbo  puticnt,  m  tlic  feeling  of  depression  uud 
de«|i«ir  which  inviule  tbe  mind  aft«r  tlio  comforting 
effocta  of  tite  opium  have  diaappcArod  ore  no  acut«  u 
to  be  lUmoot  nnbcarable,  and  only  yield  to  a  fresh 
apply  of  the  drug.     Under  such  circamstances  tlie 
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continuoas  cturent  has  BeTCral  timeB  proved  to  me  t 
service. 

Case  9. — A  lady,  aged  48,  widow,  had  commenced  i 
take  laadanom  after  the  loss  of  her  bnsband,  six  jearH  agi 
When  ahe  came  under  my  cure  in  October,  1867,  she  con 
plained  of  indication  and  weakness  in  the  back,  wliic 
latter  prevented  her  from  standing  or  walking.  She  had 
great  aversion  to  taking  medicine,  and  consulted  me  chicfl 
with  regard  to  the  application  of  galvanism  in  her  caa 
She  never  mentioned  to  me  that  she  was  in  the  habit  i 
taking  opinm,  but  hud  stresB  on  the  symptoms  of  coi 
stipation  and  want  of  sleep.  The  latter  symptom,  onl 
induced  me  to  resort  to  the  application  of  the  continnoi 
current  to  the  head  and  sympathetic,  white  for  the  weaknei 
in  the  back  I  shonid  have  been  satisfied  with  an  applicatia 
to  the  spine.  No  medicine  was  given,  except  Friedrichi 
hall-water  for  constipation,  with  good  results.  Under  tl 
influence  of  the  contiimons  cnrrent,  the  Bleep  improved,  an 
the  back  became  much  etronger,  so  that  the  patient  wr 
soon  enabled  to  take  a  good  deal  of  active  exercise.  A 
though  after  a  time  she  appeared  in  fair  health,  she  sti 
appeared  anxious  to  continue  the  galvanic  treatment ;  au 
one  day  confessed  to  me  that  she  had  been  in  the  habit  < 
taking  large  quantities  of  laudanum  for  years  past,  to  whic 
she  attributed  her  illness ;  but  ever  since  the  galvanisi 
was  first  applied,  she  had  felt  less  desire  for  opium,  an 
that  she  had  gradually  discontinued  the  use  of  it.  She  wt 
afraid  that  if  the  galvanism  were  given  up  the  desire  fc 
opium  would  rclhru,  and  as  she  found  herself  much  bett* 
without  it,  was  anxious  not  to  be  obliged  to  do  ao  ngsii 
A  short  time  afterwards  the  galvanic  treatment  was,  how 
ever,  discontinued,  the  patient  being  desired  to  rotarn 
any  symptoms  of  opium-hunger  should  present  themselve: 
but  up  to  the  present  time  this  lady  appears  to  have,  ha 
no  return  of  that  morbid  desire. 
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£iK«M»v«  Sm4>Jemff. — Tobacco-sinnking  is  often  rc- 
•orU>d  to  for  the  Mine  reason  hs  Hpirtt'ilrinkiiig  and 
opium-vatiiig,  vh,  to  allajr  iiprvoun  irritiLbilit;  ami 
duprOMiiou ;  and  is  hy  iitaiiy  pouplu  carried  to  such 
&n  extent,  as  to  scriouslj  injuro,  not  only  tlio  func- 
tion of  di^stion,  Lut  also  tlie  niitritinn  of  the 
nervous  ej-stem.  Such  patients  aaj  that  they  '  mu*t ' 
auioke,  as  others  must  drink.  In  several  cases  of  this 
kind  which  Lave  been  ander  my  cai'e,  the  use  of 
the  cotittnnoiis  ourrent,  coupled  with  strong  rouon- 
stniticos  on  my  part,  has  enaMcd  the  puUouts  to 
break  thcmseh-os  of  the  habit. 

Hijpoehvndria»i», — In  this  form  of  mental  disease  I 
have  reason  to  believe  tliiit  the  use  of  the  continuous 
current  would  often  be  attended  with  the  beat 
results.  The  immediate  effects  of  a  gnlraiiic  treat- 
ment in  such  coses  are  almost  always  very  gratifying ; 
but  r  arn  at  present  unable  to  jud^o  whether  the 
results  are  peruianent,  as  I  have  only  recently  re- 
sorted to  this  treatment.  Otlter  modes  of  combatiug 
this  affeotioit  so  tixKiuently  prove  futile,  that  a  trial 
of  gaJvauisation  in  thorn  cannot  be  too  strongly 
rc-eouimi'ndii).  It  seems  to  do  good  chiefly  in  tliofte 
cases  where  tlie  hypochondriasis  arises  ft<um  ima- 
ginary or  real  disease  of  the  sexual  organs  (sexual 
hypochondriasis,  spennatorrhflea,  impotoncy). 


n.— PARALYSIS. 

While  only  sUgfat  evidence  exists  apto  the  present 
time  concerning  the  beneficial  effects  of  galruiii^tii  in 
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disorders  of  the  mind,  a  very  exteoriTe  ezperienee 
lias  already  been  accumulated  on  its  ase  in  p«raljtie 
conditions,  where,  in  the  absence  of  other  remedies 
having  a  direct  coratire  influence  on  the  peralyBiB, 
electricity  finds  a  most  legitimate  and  nsefol  sphere 
of  action. 

1.  Cerebral  Paraly$i», — The  most  freqnent  form  of 
cerebral  paralysis  is  hemiplegia,  which  is  caused 
either  by  the  mptore  of  bloodvessels  and  sabseqnent 
haemorrhage  into  one  of  the  cerebral  hemispheres ;  or 
by  extensive  laceration  of  the  tissne  of  the  thalamus 
opticas  and  corpus  striatum,  in  consequence  of  soft- 
ening; or  by  embolism  of  an  important  cerebral 
artery.  Such  pathological  processes  impede  the  con- 
duction of  the  orders  of  volition,  which,  in  the  normal 
state  of  the  brain,  are  carried  through  the  fibres  of 
the  corpora  pj-ramidalia  to  the  motor  nerves  of  the 
opposite  side  of  the  body,  to  the  muscles,  so  that 
tlicsf  become  incapable  of  executing  voluntary  move- 
ments, 

If  the  patient  survives  the  paralj-tic  stroke,  a  pro- 
cess of  rt'paration  soon  afterwards  commences  in  the 
cerebral  substance,  which  is  more  or  less  thorough  ac- 
cording to  the  degree  of  the  paralysing  lesion.  'Where 
an  extensive  laceration  of  cerebral  tissue  has  taken 
place,  the  paralysis  will,  in  all  probability,  remain  per- 
manent ;  but  where  there  has  been  merely  an  effusion 
(if  a  small  quantity  of  blood,  the  symptoms  are  rather 
caused  by  the  clot  pressingupon  the  bra  in -matter,  than 
by  destructiun  of  cerebral  tissue ;  and  in  such  cases 
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the  patient's  health  oiaTbe  perfertly  restored.  At  Brat 
the  duid  parts  of  the  blood  which  has  been  effused 
«re  abaorbed,  and  an  organised  membrane,  a  cyst,  ia 
formed  rotuid  the  clot,  which  iii  ooune  of  time  a  like- 
wise ftbwrWd.  The  cyot  thi-n  iihriiiks  up,  luid  at 
lost  only  u  cicatrix  is  f«>und.  In  a  (%rtain  number  of 
caee*  this  process  of  reparatioQ  is  accompanied  by  a 
gradual  amelioration  of  the  paralytic  symptoms,  and 
thus  spontaneous  recorery  may  take  plaoe.  In  other 
instances  tlie  gradual  slmnkiii^  of  the  cyst  acta  as 
on  irrittuit  on  th«  brain,  when  th«  paralysed  DiUficIes 
aaiiume  a  rigid  condition,  and  the  motor  nerres  appear 
to  undergo  varioQH  morbid  oJterationa.  Finally,  the 
cicatrix  may  have  been  formed,  and  there  may  be  no 
rigidity  of  the  tuiwcles,  but  the  paralytus  still  ooii- 
tinnca  in  a  more  or  Icm  dcgroe,  owint>  to  the 
fauction  of  the  injured  hemisphere  remaining  in 
abeyance,  in  oousoquence  of  hyperemia,  serous  ef- 
fuiiion.  or  the  effects  of  shook. 

Embolism  of  cerebral  arteries  occtUB  in  patients 
who  are  subject  to  organic  affections  of  the  aortic  or 
mitnJ  ralTes  dne  to  former  endocanlitas.  Particles  of 
Bbrin  are  suddenly  separated  Irom  the  warty  growths 
OM  the  valves,  and  being  carried  along  with  the 
Mreun  of  blood,  plug  up  a  cerebral  artery.  lu  such 
casM  the  prognosis  ix  generally  unfiiTOurablc,  not  only 
because  Boft«ning  take*  pbuK*  in  the  noi^jlibourhoiHl 
of  the  embolns,  but  also  hecnose  then;  is  great  proba- 
bility of  further  attacks  occurring  in  course  of  time, 
«veu  if  Uio  &r»t  symptoms  should  have  been  retnoved 
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by  the  establishmetit  of  collateral  circolatioii.  Tl 
cases  are,boweTer,  mucb  rarer  tban  those  owing  to 
rupture  of  a  blood-vessel  in  tbe  brain,  which  la 
furnish  bj  far  the  largest  proportion  of  all  case 
hemiplegia. 

When  an  extensive  laceration  of  cerebral  s 
stance  has  taken  place,  or  when  hy  the  shrinl 
of  the  cyst  considerable  rigidity  of  the  paral] 
muscles  has  been  caused,  the  prognosis  is  not  fav( 
able.  But  where  the  clot,  and  consequently 
cicatrix,  is  not  very  large,  the  prospects  are  m 
better,  even  if  no  spontaneous  recovery  taies  pL 
It  is  doubtful  whether  the  process  of  reparation  it 
and  the  formation  of  the  cyst  may  be  promote* 
accelerated  by  the  use  of  galvanism  j  but  it  se* 
certain  that  by  cerebral  galvanisation,  the  partf 
the  neighbourhood  of  the  paralysing  lesion,  wl 
have  become  unable  to  fulfil  their  function,  throi 
hyperemia,  serous  effusion,  or  shock,  maysometin 
by  the  galvanic  stimulus,  be  enabled  to  regain  tl 
function. 

The  following  important  case  occurred  in  Benedi 
practice  * : — 

A  merohant,  aged  69,  bad  hod  an  attack  of  right  h( 
plcgia  in  Angast  18C'2,  with  loss  of  cooscioasncsa 
laoguage.  la  May,  18C3,  the  leg  had  recovered,  but 
the  muHcles  of  the  fore-arm  and  hand,  with  tbe  only  exi 
tion  of  the  muscles  of  the  ball  of  the  thnmb,  were  paralyi 
and  the  flexors  aad  pronators  were  contractad.  Elec 
niuscalar  contractility  was  considerably  diminished.     ' 

"  Loc,  cil.  p.  227. 
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oantinaodN  carrent  wns  »ppl)«l  to  ihe  loft  cwobriJ  hemi- 
sphere, and  imtnetUaUli/  a/(entarJ*  the-  putlent  couli]  flex 
tl>c  wrist  ivad  the  phalnngva.  Afl«r  fire  more  npplicatioua 
h«  ounld  extoiid  the  nwUcarpo.pUalanK^  joinM  fairljr 
veil,  ancl  tlw  plmliuigml  jointe  pretty  well. 


I  biiTc  never  80«a  such  immedtato  rcBolt*  in  hemi- 
plcffui,  muroly  from  giilvunisation  of  tho  iojored 
c<.Tvbnil  homuiphcri} ;  but  I  bavo  found  tlutt  patients 
of  Uu8  kind  progress  more  rapidly  towards  recovery, 
when  cerebral  is  combined  with  peripheral  ^Ironi- 
BOtion ;  and  therefore  now  generally  employ  both 
methods  toother. 

Only  the  oonlinvotui  current  Khotitd  in  kucIi  ciues  be 
appliM  to  the  injured  cerebral  hemisphere.  Fara> 
diaatioD  by  a  feeble  onrrent  haa  no  effect  on  the 
nerfOQs  centres,  atid  it  might  do  linrm  if  a  high 
degree  of  iwwer  vrore  used.  SevemI  cases  hare 
occurred  in  U.  Duchcnnc'8  *  pntcticu,  vrhcro,  by 
the  ii^udicions  application  of  faradic  electricity  to 
potiente  who  had  sufierod  from  Iivmorrhagu  into  the 
brain,  another  apoplectic  attack  was  caused. 

llie  period  at  which  cerebral  galranieation  should 
be  resorted  to,  is  rariously  fixed  by  different  obnervers. 
Bcmak  has  recommended  to  galranise  early  the 
sympathetic  and  tlie  cerebral  res«eU  of  tho  opposite 
ride,  in  order  to  promote  the  absorption  of  the  clot ; 
bat  moHt  authors  are  a^eed  not  to  commence  the 
golf  aaic  treatment  too  soon  after  the  attack,  although 
tho  continuous  current  may  certainly  be  employed 
biiforo  the  induced  current.    As  a  rule,  I  shotUd 

■  '  D»  I'JiMU iMitm  loedM*,'  •!«.,  p.  STi. 
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advise  to  l)egin  using  galvanism  when  two  or  thi 
montliB  have  elapsed  since  the  attack  took  place. 

It  is  certain  that  in  ihe  large  majorit;  of  cds 
cerebral  galvanisation  alone  is  not  sufficient  to  pi 
duce  decidedly  beneficial  effects ;  while  periphe: 
galvanisation  or  faradis&tion  almost  always  pre 
of  service.  In  such  cases  it  must  be  assumed  tl 
the  paralysis  is  no  longer  exclusively  due  to  the  i 
jury  of  the  affected  hemisphere,  but  more  to  the  1< 
of  vital  energy  of  the  nerves  and  muscles  of  t 
affected  limb,  the  molecules  of  which  seem  to  ha 
lost  that  mobility  which  otherwise  enables  them 
respond  to  the  orders  of  volition.  Whether  in  su 
cases  galvanisation  or  faradisation  should  be  i 
sorted  to,  will  depend  upon  the  individual  aspect 
the  case  under  treatment ;  and  it  may  be  laid  doi 
as  a  geueral  rule,  that  where  the  electro-muscu! 
excitability  is  normal,  galvanisation,  and  where  it 
diminished,  faradisation  should  be  employed.  It 
often  useful  to  combine  both  methods,  or  to  empl 
one  after  the  other  has  been  used  for  some  tinie  a 
failed. 

We  have  already  seen  {p.  398)  that  in  some  cas 
of  hemiplegia  the  paralysed  muscles  are  relaxed,  t 
limbs  louse  and  flaccid,  and  if  the  forearm  is  Hex 
upon  the  arm,  or  the  leg  xipon  the  thigh,  no  resi 
ance  to  that  movement  is  experienced.  The  pa; 
lysed  muscles  present  a  striking  contrast  to  the  fir 
ness  and  plumpness  of  those  of  the  sound  side,  a 
they  are  more  or  less  wasted  according  to  the  len^ 
of   time   which    has    elapsed    since    the    panily 
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seizure.  In  socli  cases  there  ia  generallj  only 
littlo  n.-s]>niii<«  to  tbe  galvanic  Btimuloii,  stid  ttio 
heat  and  nutrition  of  tlic  limbs  Is  much  hclovr 
par.  Somo  or  these  cuecs  recover  Bpontiuiconelf, 
white  others  only  slightly  improve  u  tame  goes  on. 
If  tVom  foar  to  six  mouths  hare  elapsed  fiiucc  tlic 
seisnre,  and  Uie  recorerjr  is  still  iiiipei-fect,  fiu-iidi- 
Mtion  is  a  valuable  means  of  restoring  iwiver 
to  the  motor  uorves  and  muscles  whidi  remiiin 
paralysed,  aud  require  a  stimulus  in  onli-r  to  rogoin 
their  function.  Moiatonvd  cWtrixlfs  should  be  di- 
to  the  suffering  nerves  and  muscles  in  the 
ibed  above  (p.  S76).  The  old-fashiouod 
of  using  Ihc  induced  cuiTcnt  in  these  cascsr  viz. 
to  k't  Die  i>iit)ont  hold  one  cumluctur  in  tho  right 
and  thti  other  cue  in  the  Icfl  ha&d,  or  to  place  his 
t  in  two  separuto  vi-wh-Is  filled  with  suit  water  and 
■connected  with  the  polea  of  a  buttcrj-,  iis  to  be  atrongljf 
deprecated,  as  by  such  n  proceeding  painful  and 
irregular  commotions  ore  caused  in  the  paralysed  as 
well  as  in  the  healthy  muscles,  which  are  iudtscrinti- 
oately  affected,  'i'liia  method  of  operation  can  there- 
fore not  be  bciieScial  to  the  patient.  On  the  con- 
trary,! it  has  oflen  done  hai'm.  Ttie  iutennittences 
of  the  induced  current  should  be  slow,  so  as  to  avoid 
any  imt«ition  of  the  brain.  The  following  is  a  case 
in  which  only  a  few  muscles  remained  paralysed  aSt«r 
the  stroke,  and  bi  which  a  considerable  amelioration 
was  produced  by  faradisation. 

CiiK  10.— Juie  S.,  ogvd  S5.  was  m  Jaly,  1857,  admiltai 
0  o 
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into  Carlisle  ward,  St.  ifaiy's  Hospital,  nnder  tbe  care 
Dr.  Alderson.  From  tihe  somewhat  confused  Htatement 
tfao  patient,  whose  iuteUect  and  memory  are  below  t 
average,  it  appears  that  she  had  an  apoplectic  seizure  fifte 
months  ^o,  in  which  she  lost  conscionsness  and  the  use 
the  left  arm  and  leg.  The  leg  appears  to  have  soon  i 
covered ;  at  least  when  I  first  saw  her  on  July  20,  she  cou 
walk  with  ease,  but  several  muscles  of  the  left  arm  we 
paralysed,  viz.  the  deltoid,  the  extensor  of  the  forefingt 
and  all  the  mnscles  of  the  thumb.  She  could  mise  t' 
hnmeruB,  this  movement  being  produced  by  the  concnrre 
action  of  the  trapezius,  serratus  magnns,  and  deltoid,  b 
she  was  not  able  to  lift  the  arm  to  a  right  an^le  with  h 
body,  and  when  she  held  the  hand  on  the  lower  part  of  tl 
spine,  she  could  not  move  it  upwards.  The  forefinger  w 
slightly  contracted,  and  could  not  be  extended  ;  the  thun 
was  held  against  the  forefinger,  and  was  totally  powerlei 
All  the  affected  muscles  were  flabby  and  wasted.  Tl 
patient  was  not  able  to  use  her  needle  or  do  any  oth 
work.  When  I- directed  the  feradic  current  to  the  par 
lysed  muscles,  they  showed  niucU  less  excitability  to  it  tl« 
the  corresponding  muscles  of  the  other  side.  The  delto 
was  much  improved  after  iive  applications,  bnt  the  muscl 
of  the  forefinger  and  thumb  recovered  only  after  a  month 
treatment,  in  which  faradisation  was  used  about  twen' 
times.  The  patient  then  left  the  hospital,  being  again  ab 
to  use  her  needle,  and  to  accept  a  situation  as  cook. 

The  following  ia  another  case  of  this  descriptioi 
in  which  the  losa  of  power  was  more  general : — 

Case  11. — B.  W.,  a  gentleman  aged  68,  of  gouty  const 
(ution,  first  came  under  my  care  in  June,  18t>fj.  He  wi 
then  Bullering  a  good  deal  from  grave!,  and  excess  of  ur 
acid  in  the  urine,  and  digestion  and  assimilation  haii  bci 
imperfect  for  five  or  six  years.  In  December,  18CC,  whi 
drussicig  for  dinner,  he  had  an  apoplectic  seizure,  accoD 
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pftaied  wilh  Itua  of  conacioasneHH  and  ptiml/tiii  of  the  l^ft 
■idtortlic  hixtj-.  For  k  week  lip  wag  in  a  very  pnicanous 
OOoditJOD,  umI  I  believe  hisi  Ul'tt  vm  only  kivliI  bjr  Inrgo 
dosM  of  KOimQiiiA  and  dibiio  other,  whtcb  I  orderad  to  be 
given  »t  Hbort  int«rvBlB.  Hegntdnally,  bow^vor,  rccovored 
luacoiMcioaineasnd  intotloct;  tb«  fboo  rceiuiHid  its  tier' 
mnl  oppearanoe,  muI  tbe  mtutolea  of  tli«  arm  alto  improrod. 
Poor  Bionllis  kAlt  tbc  sttaek,  be  waa  in  Ibc  (aWotriag  con- 
dition:— His  monuny  and  *p«oob  worv  un«fl«cl«d,  ud 
then  we«o  no  diitrea^]i)t  •eoMlious  in  tbe  besd.  Tbo  xlna 
of  tbe  led  ami  and  leg  wim  culd  nnd  Habby,  find  tlw  pulM 
weaker  in  tbe  lefl  tliaii  in  the  HkIiI  Hide.  TberawaAafieling 
of  munbnvM,  moA  a  certain  dc^reo  of  uuMthoeio,  in  the 
loft  onn  and  leff.  Tbe  muoolea  were  relaxed  and  somewbat 
«r«l«d,  Mpcciitlly  tbo  axtaosort,  biit  tlicrv  was  no  ri^itlity 
^ther  in  tbe  upper  or  in  tbc  lower  extreniit}-.  FiTiling, 
drasiiilt,  and  all  olber  iiiovenk«nt^  of  the  arm  and  bund  vri-rv 
ntnmvly  difficult,  altboagb  with  n  great  omoant  of  eiertJotl 
tliey  cwold  Im  perfonued.  Tbe  pationt  ooold  walk  coni- 
fortoblj-  for  lialf  a  niilo,  but  then  began  to  fool  fatignod,  aud 
waa  obliged  to  t«fil. 

Protn  tliMo  •ymptonu  I  coneloded  that  tbo  etot  whicb 
had  been  formed  in  tbe  right  corjnis  stnatnm  and  tbolamna 
fljilicnji,  and  whinlt  had  pmdnced  tbe  porvlynji,  hod,  lo  a 
great  oxtciit,  boon  abaorWi.  If,  thereforo,  Uie  uri^iud 
injury  bod  been  repaired,  tbe  soot  of  tlu)  pandysis  wai 
now  not  ao  much  in  the  brain,  aa  in  tbo  motor  nerrea  and 
mtuolo,  which  had  been  weakened  bjr  their  long  dtcow. 
FaradittatioH  waa  therefore  now  reaortetl  (o,  with  the  roanli 
lltBl,  al^er  KixlMtn  application*,  tliv  bulk  of  tlie  maaclu  waa 
iDcrvosod,  the  circulalion  in  tbo  limlw  wad  pru[>oHy  re- 
MtablinlKKl,  and  the  inticnt  hod  olmoat  entirely  rooorerod 
bta  iiiotive  power. 

It  mast,  however,  not  be  snppoand  that  ronuli- 

sation  always  produces  such  beneficial  rcaulu  aa  in 

the  two  cases  just  relnted ;  aoDietimca  thcnt  u  only  a 

no! 
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trifling  improvement  or  none  at  aD,  of  which  tl 
following  is  an  instance : — 

Case  12. — In  May  1858, 1  was  consalted  in  the  case  ol 
merchant,  aged  60,  married,  who  had  heen  in  tolaral 
good  health  nDtil  December  1857,  when  he  was  knock 
down  by  a  cab.  With  the  exception  of  some  braiaes  i 
the  back  and  the  leg,  no  apparent  injaiy  was  caused  1 
this  accident,  bat  the  day  after  he  was  seized  by  an  attai 
of  hemiplegia,  which  afiected  the  whole  left  side  of  t 
body.  He  did  not  lose  his  speech  nor  his  conscionsnei 
The  face  recovered  rapidly,  bat  the  arm  and  leg  rem«in< 
completely  nseless.  He  could  pall  np  his  shonlder  to  sot 
extent,  bat  was  unable  to  hft  the  hand  to  the  forehead 
pat  it  on  his  bock,  or  on  the  opposite  shonlder ;  nor  con 
he  bend  the  elbow,  or  move  the  wrist  in  any  directic 
Ho  had  to  be  lifted  into,  and  ont  of,  hia  bed,  and  ever 
thing  had  to  be  done  for  him  as  for  an  in&nt.  There  we 
hardly  any  contractions  in  the  mosclea,  which  were  Sabb 
and  responded  only  little  to  the  faradio  corrent.  H 
general  health  was  tolerably  good.  Faradisation  waa  nsi 
for  six  weeks,  but  with  no  perceptible  effect,  the  conditi< 
of  the  pntient  remaininp  much  the  Bame  m  before.  Tl 
mnscles  of  the  limbs  which  hod  been  faradised,  were  bett 
nonriabed  and  answered  more  readily  to  the  current  thi 
before  ;  bnt  there  was  no  return  of  voluntary  power. 

At  that  time  the  continuous  current  was  not  nst 
in  sneh  cases ;  but  it  is  Lkely  that  it  would  hai 
produced  better  results  in  the  preceding  instant 
than  faradisation. 

In  a  certain  number  of  cases  of  hemiplegia  tl 
nerves  a,nA  muscles  of  the  affected  side  are  equal] 
excitable  to  electricity  as  those  of  the  healthy  sid« 
In    these    cases    the   continuous    current  is    moi 
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%'aluulilu  Ihitn  faradisutloo,  lUthoagh   this   latter  is 
nu  uit»ns  iueflective. 

Case  13.-~-A  naval  ofl!ic«r,  ogod  M^  tuunurifid,  came 
andor  tn;  cara  in  Fobratu^-,  1H68.  llo  hiul  had  aa  Apo- 
plectic scixure  in  June,  180(i,  in  whicb  lie  lout  the  u»v  of  Uio 
left  sids.  Speech  and  conadoaa&css  had  not  bvcn  impaired, 
but  ihu  anit  and  )l>^  bad  bc«u  conipleteljr  panlj'WMl  for 
aboBt  three  months.  Itolh  oxtrainitios  then  bfgan  to 
IVOOrer  tlieir  moUru  povror  U>  Home  astent;  but  aa  thty 
mni  itiU  vcrjr  w«ak  about  tvrviro  munths  nllor  Uu>  stroke, 
the  patient  was  brwlised  iu  tlie  couutrjr,  with  aattdbotoirj 
ramlu.  The  log  bvcame  very  much  atrengur,  so  that  lie 
waa  won  enabled  to  walk  witboul  a  stick,  for  two  or 
thrve  Diiliit  at  a  timo.  Tlio  arm  alse  improved,  bat  not 
nearly  as  moob  ua  the  lu(c,  nod  tlie  treaUneut  waa  diHcou> 
tiuui.-d  after  tbtee  toonths,  as  it  did  not  teem  to  produce 
any  fortiicr  offixtt.  Tbe  patient  then  cuna  to  town  to 
consnit  me,  and  as  famdiitatJou  had  already  bad  a  fair  tt^al, 
I  rroonimi'iidc<I  galvaalaation  of  tiie  right  cerebral  hemi- 
spbeie,  and  of  the  motor  nerroa  luid  ma>ol«s  of  I  be  arm. 
Within  throe  weoka  the  patient  had  so  &r  rcoovcrvd  the 
tue  of  tlio  luud  as  to  bo  ablv  to  do  evoij'lhiug  fur  himtelf, 
althoogh  it  wna  not  yet  tiuite  as  strong  as  tlie  right  hand. 

Tliuro  an!  fuw  caaes  of  liciniplf^ia  where  there  is 
not  a  slif^lit  uniuuQt  of  rigidity  in  some  of  the  paiu- 
lysed  muscles;  but  in  somu  instuoccti  the  rigidity  ta 
BO  Revere  as  to  form  the  most  prominent  symptom. 
Twitcbitigs  of  Ute  Qugers  and  toes  are  oll«ii  con- 
oeoted  with  it ;  they  occur  eHpcciidly  lit  uight,  and 
Mfiously  interfere  with  alivp.  In  sueh  easeH  the 
continaotu  current  should  be  used  in  pix-feit-noe  to 
iaradisation,  which  latter  may  bowover  be  employetl 
rherc  an  eifective  oppantua  fUroisluug  a  continuous 
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current  is  not  procurable.  The  foUowing  case  ahowi 
that  faradisation  of  the  antagoniBts  of  the  ri^< 
muBcles  may  do  a  certain  amount  of  good  in  sucl 
conditions : — • 

C*3B  14. — In  December,  1858,  a  man  of  the  name  o 
ilarah  was  nnder  the  care  of  Dr.  Todd,  in  King's  Collegi 
HoBpital.  Four  years  ago  be  bad  an  attack  of  paralysis  o 
the  right  side.  The  paralysed  moscles  had  then  bqoi 
assumed  a  state  of  rigidity,  nhich  had  not  nndergone  an^ 
considerable  change  since  that  time.  When  I  first  sawthi 
patient  he  conld  with  some  difficulty  walk,  bnt  the  righ 
arm  was  perfectly  useless,  owing  to  rigidity  of  a  nnmber  o 
muscles  ;  viz.  of  the  coracobracbial  masole,  whereby  thi 
arm  was  addncted  to  the  side,  and  of  the  biceps,  by  whicl 
the  ture-arm  was  bent  upon  the  arm.  If  forcible  eztenEtoi 
of  the  fore-arm  wasattempted,  the  biceps  resisted  the  move 
ment,  but  no  pain  was  experienced  during  such  forcibli 
extension.  Tbe  triceps  was  rigid,  although  much  less  b< 
than  the  biceps ;  it  was  shown  to  be  so  when  complet 
flexion  of  the  fore-arm  was  attempted,  so  aa  to  place  thi 
fingers  on  the  acromion  of  the  same  side.  The  flexo 
muscles  of  the  wrist  and  of  the  fingers  were  completel; 
rigid  i  the  hand  woa  strongly  flexed  upon  the  fore-arm,  am 
the  fingers  pressed  against  the  palm  of  the  band,  so  tha 
tbe  patient  was  obliged  to  cut  his  nails  very  short,  in  orde 
to  prevent  the  skin  from  being  irritated  by  them.  Thi 
tendons  of  the  ficxors  projected  like  tight  strings  bcneati 
tbe  akin.  The  patient,  however,  felt  no  pain  if  a  forcibl 
extension  of  the  wrist  and  of  the  fingers  was  attempted 
Tbe  mnscles  were  not  much  wasted,  but  faradic  exci 
tability  was  very  trifling  in  the  extensors,  while  tbe  flexor 
of  the  fore-arm  contracted  readily  under  the  influence  of  i 
gentle  current.  The  muscles  of  the  lower  extremity  wer 
not  nearly  so  rigid  as  those  of  tbe  arm ;  some  degree  o 
contraction  however  existed  in  tbe  hamstring  muscles  am 
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tha  floxon  oftiie  toM ;  aad  in  wftUdog  lli«  patient  wae  seen 
to  tlnkg  thi>  paralysed  lc(f. 

I  ihonght  that  in  Ibis  cbs(<  it  might  be  poBsilile  by  ftrs- 
dUftlion  to  correct  to  mmhc  extfiit  Uia  (li»tiirbnnco  in  tbc 
e(|uitibriniu between  ll]ediirereiitsetsofmuaclesorth«u|iper 
4>3itiTiaitjr ;  nod  Ihiit  x-icw  vean  cootirawd  bj  tins  rwnlt  of  th« 
trentinunt ;  for  a(Wr  I  bad  fainuliMd  tlie  exteowm  of  ths 
foro-vm  for  mmo  t imn,  the  t^-ndmu  of  tbo fiexorei,  whii-b  had 
before  projeclcd  tilci>  IikIi)  i>IHn^»i  beneath  tlie  slciii,  bL-canie 
soft  and  flexible;  and  Ijio  patirnt  wak  able  toopen  luH  hand 
and  stretch  his  Sitgera;  but  having  boen  soma  tinw  afW- 
nnnlti  fipoKcd  to  a  riuli'tit  cotd  <lniDght,  the  flMCon  again 
aMDinwl  a  cerluio  degree  of  ri(,-idiiy.  Uiiruriiiiiat*ly  there 
WM  at  that  lime  no  batter/  in  King's  CoUogo  Ilotpital 
(braialiing  a  coutinuoua  oturent,  wliich  I  abouUI  lave 
iriahcd  to  appljr  to  the  rigid  flcucors,  or  tbe  patJcnt'o  con- 
dUion  miglit  lUve  been  much  uioro  aoioUomtcd.  By  (br- 
iber Gu«diMtion  ho  again  improred,  but  he  lelV  tbe  hoipital 
a  parmaDont  rtliaf  waa  afibrdod. 


^efore 

"  In  I 


In  toch  coacs  tliero  it)  altvaya  a  certain  decree  of 
ibacDt«  or  cbronic  iiillaiutiiatoi7  irritation  of  that 
inisphcro  of  tbo  brain  which  is  opposite  to  tbe 
paralysed  aide ;  and  in  a  certain  proportion  of  theni 
tb»  continuous  current  applU'd  to  the  head  of  tbe 
opposite  8i<]e,  to  the  syiuputJicttc,  uiid  finnJl}-  as  oord- 
rre  cnrreot,  produces  more  h«nefit  than  anjr  other 
reinedjr.  From  a  Tcry  largo  numbur  of  such  cases 
which  havo  been  nnd»r  mjr  core,  I  select  the  follow- 
ing.— 

^^  Cams  15.— Mr«.  n,,  aged  53,  oanxt  under  my  caro  at  thv 
^uilirmary  for  Kjulepav  and  Paralj'aia,  iu  June,  l8Ct>.  Sbo 
^^»d  been  in  good  health  until  two  ynra  ago,  wban  bur 
Juuband  being  tfarawu  ont  of  omplofmont,  oh*  bad  (u 
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undcr^  n  good  deal  of  uixiety  nod  trooUe,  togoUier  tritb 
bod  living.     Two  nionUis  ngo  sbo  wm  uiud  vriih  «  pu«- 
lyiif:   lUniko,    wbidi   itfloctod  tho  IpfV   iMo,  wid  l«(t  ber 
entirely  lielplras.     \Vhi>»  I  fint  saw  bar,  rIi«  had  ivoovrnd 
tlie  DM  or  ibo  tug  «o  fnr  tbnl  nhe  eoulil  jual  dnf;  beraeK 
along  iviUk  Uie  aid  o{  another  iwnoa's  anti,  for  a  tlwci 
timr,  bat  tlw  loft  »rm  wiw  qa!to  povrorkM.  On  pxiunitung 
the  limba  I  found  tliai  the  wm  as  well  as  tlic  lpg  nnra 
warmer   ihnn  thoso  of  tho  hoalUij  nde,  and   ibnt  tli«ra 
waa  rigidity  of  moxt  of  lli«  Bexor  muadea  of  tbo  •nn  and 
foreai-u,  and  uf  tlia  Iwuuatring  muscloa  of  tbo  tJiigb.    Tim 
broarm.  hand  and  leg,  ^»poared  conUnicled,  and  on  mf 
trriog  to  extend  tben  tbe  i^atieot  comiilaitiptl  of  cscoiwt* 
pain,  whieb  reoderad  fnrtlicr  ondcaroant  to  thai  cud  ns^ 
Igm.     I  npplitKl  IHradiaation  to  both  anns  for  the  |NirpoM 
of  dift^osifl,  anil  fonnd  that  tba  paratyncd  muMilua  coo- 
tract4.ll  ill  tbu  ino.it  violmt  manner  as  soon  as  tbe  con* 
dootord  were  a{);)lied  to  then,  while  Ibe  mnacloa  of  iba 
bealtliy  limb  did  not  aniiwur  to  tbe  feoblc  cumnt  naed,  bat 
contracted  in  tbe  ordinary  and  regular  way,  as  tHX>n  aa  tbe 
power  of  ibo  currant  wax  aoniewbat  incrca««d.     Tliia  niada 
it  evident  to  mo  tbat  considerable  intrucranial  irritation 
oxUlcil,  itnd  that  fanulisaiion  cunid  not  bo  of  much  qmi.     1 
[ircecribod  atropine  with  bromide  of  potaMdnm,  and  appbod 
Ik  cnrront  of  twenty  colli  of  tlui  continuoiui  battery  to  the 
ri(^t  temple,  tbo  upper  cem'cal  ganglion  of  tJie  ayiniiatbotii^ 
and  an  cord-nerve  current  from  the  ocrvienl  portion  of  xht 
spinal  cord  lo  tbo  median,  ulnar,  and  Reiatic  aenm, : 
matic  nto  being  made  of  voltaic  altcrnatirea  in  oHcr 
iiienase  the  tJierapcutical  eOcct.    Tbis  ajiplication  bail  a 
moat  renuu-kable  aflbct  in  loosening  the  miucalar  tight 
and  the  patient  waa,  a  short  tonw  afWr  the  application,  i 
to  Bln^lch  the  arm  and  to  open  tbe  hand.     She  Inul  abo 
Romnwhat  Ions  difficnlly  in  walking.      Tbo  improvemenl, 
however,  lasted  only  for  a  few  houra,  and  when  I  #nw  livr 
■gain,  tliree  days  aft«Tmarda,  slw  was  in  much  thi;  luune 
coodition  aa  before.     The  continooua  ouncDt  was   now 
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npplicd  rognUrlf^  Iwico  ft  wook,  in  tho  iii&im«r  desciibod 
ftlxive,  vritli  progre&aive  improveinvtit  in  all  th«  b^mptoins  ; 
uod  ftt  tho  vad  of  six  woeks  the  {latient  could  wnik  Itv  lier- 
telf  without  aMsbuioo,  and  lind  also  to  a  gmat  vx\mt 
ncomnd  thonitoof  tlmarm.  This  wtts  now  quite  Bo xi bio, 
the  musuulur  ri^dity  aad  tht  pain  having  «ntirt'1y  iHh- 
^■piwarml,  but  tliu  pon-or  in  tho  arm,  a«wc)I  as  llio  log,  was 
^liliU  nmewbat  IcM  titan  it  had  been  before  tlie  attack. 

^B  In  oaaea  of  this  kind,  galvanisation  of  the  injured 
^Bii;iniflpbei-e  appears  to  attack  the  seat  of  the  diaeaae, 
and  if  not  able  to  restore  any  destroyed  brain<iuatt«r 
to  its  previous  healtlijr  ooaditjon,  yei  Hire*  guod  in 
ihis  Ttmj,  tliat  it  not  only  seem*  to  check  tho  iu- 
Qunmatory  irritation,  and  to  promote  tlw  abwii'jition 
of  effasiona  which  have  taken  plaoe,  but  also  restores 
Uioir<:nvrgjr  to  the  neighbouring  pails  of  brain-tissue 
which  liuvc  not  bi.>«n  destroyed  as  far  as  their  texture 
is  ooucvmed,  but  merely  deprived  of  their  vital 
force,  either  by  the  pressure  of  the  effusion,  or  by 
the  shock  experienced  during  the  apoplectic  attack. 
The  presence  of  early  mnwnilar  rigidity  is  therefore 
lO  longer  a  thoroughly  bod  aymptotn  in  tJiese  oases ; 
lit  if,  ill  addition  to  Ihc  rigidity.  E[)a«in8  and  con- 
vulsiotu  are  present  in  the  pumlyet'd  side,  the  pro- 
gnosis is,  generally  speaking,  more  anfavonrable. 
The  results  of  galranisation  are  not  always  bo 
iimcidiato  as  in  the  case  jnitt  described;  yet  it  Es 
pleowot  to  see  how,  even  in  the  apparently  worst 
coses  of  hemiplegia  with  rigidity,  perseveranoe  in 
treatment  is  rewarded  by  success.  Private  patients 
apt  to  lose  hope  if  thero  is  not  a  quick  tiu- 
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provement ;  but  from  what  I  bare  seen  in  the  out- 
patients of  the  hospital,  where  I  have  been  able  to 
keep  such  cases  under  obaerration  for  twelve  or 
eighteen  months  consectitivel;  or  even  longer,  I  have 
come  to  the  conclusion  that  no  case,  however  bad,  is 
utterly  hopeless.  The  anatomical  alterations  which 
Messrs.  Charcot  and  Cornil  *  have  described  as 
occurring  in  the  motor  nerves  under  these  circum- 
stances, are  therefore  probably  not  constant,  or  if 
they  are,  it  mast  be  suppc^ed  that  they  gradually 
yield  to  the  influence  of  galvanisation. 

Where  hemiplegia  is  combined  with  total  loss  of 
language  (aphasia)  the  prognosis  is  decidedly  un- 
favourable. A  slight  impediment  of  speech  (thick- 
ness, huskiness,  etc.)  often  yields  to  treatment,  but 
aphasia  never. 

In  paralysis  owing  to  tumour  or  abscess  of  the 
brain,  or  any  other  severe  structural  lesion,  no  form 
of  electricity  can  do  good.  But  where  it  seems 
to  occur  in  consequence  of  exhaustion  and  slight 
effusion,  the  continaous  current  is  the  best  remedy. 
The  effect  is  generally  immediate  and  almost  magical. 
The  following  case  is  one  of  this  class : — 

Case  16. — Paralysis  of  the  right  armin  consequence  of 
sudden  loss  of  cerebral  energy, 

A  merctant,  t^ed  52,  married,  had  been  in  a  low  etate 
of  health  for  some  years  past  in  consequenco  of  much 
anxiety  and  trouble,  but  had  not  suffered  from  any  serioan 

*  Comptes  renduB  dels  Societu  de  Siologie.    Poria:  IS03. 
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lioily  nt  bonui,  on  Jaly  20, 186" 


illtuwn.     Ko  wu  sitting  i 

wnliijg  II  lolUT,  irhen  hu  Kudileiilj-  fi-It  Taint  and  giildy, 

■tho  pt'it  dropped  oat  of  }ii«  liMni.  uikI  he  mmpU>t<^ly  lost 
titi!  luw  uf  lbs  right  arn.  He  did  iml  losi?  liis  apouL-li  and 
consciotunoss,  nor  Ifao  um  of  the  Ir^.  nor  wax  the  f»ce  d»- 
toned.  A  friend  who  hftppeued  U>  be  proaeut  adriaed  biui 
to  put  bis  h»nd  into  boiliag  wktor,  n-hicJi  ho  did,  uid  blist- 
orcd  it  incuL  nayCTvly  with  it.  (Ths  Aamo  baibarous  traat- 
Rivut  which,  of  cooiw,  caanot  do  tho  leust  good,  bM  been 
■doptinl  in  at  Imst  a  doieen  caaea  of  paralysu  whioli  bavo 
been  under  my  care.)  Aa  tho  Bcaldiog  of  the  arm  and 
bud  prodoood  no  eflisct,  ft  oold  donche  vrax  next  applied  to 

III,  aod  tho  wriet  waa  then  a  good  deal  knocked  about,  in 
pnler  to  got  tho  life  back  into  it.  As  douo  of  thtuo  violont 
neASuroH  had  the  least  ofl'cct,  Um)  pati«nt  oonsnlled  me  two 
days  aftenranU,  when  I  found  complets  pnmlytis  of  the 
aronnn  and  hand,  and  nearly  complete  anastbeaia  of  tli« 
and  fingen.  I  applied  a  ourront  of  twenty  twUii 
iolt  bcmifiphrre  for  one  minitte,  aft«r  which  the 
k  lifted  liiit  u-rist  and  moved  the  fingere  toasUgbl 
extent.  I  did  not  aim  any  pcriphorsl  gadvnniHntion.  Two 
daya  aftcrwarda  lie  cwne  agaiD,  wheu  1  found  that  tho 
iniprowmont  bad  oontinacd,  bat  not  mado  fiirtlior  progreaa. 
I  tlien  af^ain  reeorted  to  cerebral  galTamsatbn,  witli  Uto 
eBbot  tJiat  a  little  more  action  in  tlio  liand  bccamo  manifeeL 
But  as  it  was  still  very  weak,  I  now  combined  peripbtml 
galvanisation  of  the  radial  and  median  nerve  with  it.  The 
eSecl  of  this  waa  appareatly  even  greater  than  that  of  the 
cerohral  applicatiou,  as  the  patient  ootUd  grn^  my  hand 
Brmly  aftcrwanlx,  and  dreaa  hiniadf  witliont  aaatstaDC*. 
Another  applicalioit  of  gBlvanism  on  tho  fotkwing  ilay 
oomplutoly  rvatortvl  the  oao  of  the  haod  and  ftngeiv, 


b  OoDComitig  tlw  patliolog;  of  tliu  auie  I  would 
rcmiirk  thiti  <-vidi-iitly  no  ruptiiro  of  a  blood-TCMol 
coald  have  t&kun  place  in  the  left  hcmiapbere,  u 
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tlien  the  eSboU  of  the  continoous  ourrent,  applied  so 
BliorUy  after  the  seizure,  could  not  have  t>een  so 
groat.  Tho  piamlytiu  probabljr  oixwe  from  exhaustion 
of  that  portion  of  the  brain  wliich  i«  tho  (X-Jitrc  fo 
the  motor  nerves  of  tho  uppi<r  vxtremitj,  and 
probablj-  accompanied  with  slight  serous   effuaion. 

The  beneficial  efT&cts  produced  by  periphenil  gal- 
vanisatiou  in  this  case  do  not  cla«h  with  this  riuw. 
for  no  absolutely  peripheral  galvantMation  if  possible, 
since  a  portion  of  the  galvunic  currout  UHod  probably 
always  travels  towards  the  centree  of  the  nervous 
system.  A  proof  of  this  amongst  others,  is  the 
sensation  of  taste  which  is  frequently  jierceived  by 
patients,  while  their  hands  or  Ivgs  ar«  galvanised ; 
and  which  was  the  case  with  the  patient  just  men- 
tioned. That  slight  serous  eSuaiona  may  be  very 
rapidly  absorbed  by  tlie  passage  of  the  continuous 
current  through  such  p»rt«.  is  likewise  shown  by  the 
IiitftanULueous  effects  of  the  current  in  cases  of 
muscular  rheumatism,  of  which  monD  hereaAer. 

Most  cases  of  paralysis  which  occur  during  con- 
valescence &om  acute  diseases  have  tlie  same  j)atb- 
(dogy  as  the  case  just  described,  and  should  thervfon 
bo  trciit^-d  by  tlie  eanic  inejuis.  In  these  conditions 
the  induced  curreut  is  not  nearly  as  usofiil  a»  tho 
continuous,  because  its  cB'ecta  are  only  peripheral, 
while  the  disease  is  of  oi^iitral  origin.  Oases  of  Uiis 
kind  occur  aft«r  meiules,  scarlet  fever,  smuU-pnx,  ery- 
sipelas, typhoid  fever,  t)iieuuionia,dysent4>ry,chuL 
and  puerpenil  fever.     Diphtheritiu  itoralysis 
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somewliat  difTcrent  patholo^,  as  it  is  due  pai-tiv  to 
the  local  effects  of  the  poiaon  ou  the  phurjux,  and 
\y  to  its  genera)  effects  on  the  blood.  Id  this 
fbrm  of  piLralysLB  the  pharjnx  is  nlnays  first  nfiVwtixI, 
and  Bonietimeii  remains  the  only  part  which  u  paro- 
Ijfted;  while  in  otlicr  iiistanccs  the  innsclM  of  the 
eyes,  the  lower  extremities,  the  upp^r  extremities, 
the  moscles  of  the  tronk,  and  the  respiratory  muscles 
become  affected  in  the  succession  in  which  they  have 
JQst  boen  mentioned.  Aniesthesia.  often  prece<le9 
diphtheritic  panilysii*,  and  fnnulo -muscular  and  giU- 
Tono-mnscular  excitability  i»  generally  normal.  In 
all  Buoh  cases  no  time  should  be  lost  in  employing 
gBlvanisation,  as  the  probability  of  cure  is  in  inTc-rse 
ratio  to  the  length  of  lime  which  has  elapsed  since 
the  commencement  of  the  affection. 

Whci-c  [laralysis  alU'r  itcute  dlwosM  tnVes  the 
form  of  complete  hemipli.tgia,  which  is  on  the  whole 
nrny  the  disouse  is  more  apt  to  rcsiiit  thu  gulranio 
treatment  than  where  it<  is  cither  more  localised  or 
mono  general.  There  is  probably  in  such  oases 
actual  bwmorrhogo  into  the  bmin,  aod  not  merely 
exhaustion  and  serous  effusion. 

2.  Spinal  I'aralt/n*. — By  this  is  meant  real  para- 
of  motion,  and  not  want  of  co-ordination  of 
inorements,  which  latter  occurs  in  tube*  dorsalis  or 
ataxy.  Spinal  puralysis  is  genurally  duo  to  menin- 
gitis or  myelitia,  or  to  tnmoure  pressing  on  the  cord. 
If  the  paralysing  lesion  is  Hc-atod  in  the  lumbar 
ion  of  the  conl,  there  is  paralysis  of  the  lower 
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extremities  (paraplegia),  aod  of  the  mnacles  of  th 
pelvis.  If  the  dorsal  portion  is  affected,  the  abdc 
minal  and  lumbar  muscles  suffer  likewise,  respiratio 
is  impeded,  and  there  may  be  t^panites,  priapisi 
and  paralysis  of  the  sphincters.  Finally,  if  the  cei 
vicol  portion  is  diseased,  the  upper  extremities  ai 
also  paralysed,  respiration  suffers  more  considerablj 
and  deglutition  becomes  imperfect ;  but  the  intellet 
and  the  nerves  of  special  sense  remain  in  thei 
normal  condition.  In  cases  of  this  kind  the  ezciti 
bility  of  the  muscles  is  diminished  in  exact  pn 
portion  to  the  degree  in  which  their  nutrition  i 
impaired ;  and  it  may  at  last  entirely  disappea: 
Aniesibesia  is  more  complete  and  permanent  in  spine 
than  in  cerebral  paralysis ;  nutrition  is  therefor 
more  seriously  impaired,  and  there  is  great  dif 
position  to  decabitus.  Hemiplegia  is  very  rare  as 
consequence  of  disease  of  the  spinal  cord ;  but  thet 
is  no  doubt  that  it  occasionally  occurs.  In  sue 
instances  only  one-half  of  the  spinal  cord  is  diseaset 
The  chief  sign  whereby  we  may  distinguish  spini 
from  cerebral  hemiplegia,  is  the  movement  of  th 
umbilicus,  which,  in  the  former  is,  by  every  ir 
spiration,  drawn  towards  the  sound  side. 

Whether  galvanisation  is  likely  to  do  good  or  n( 
in  spinal  paralysis,  depends  chiefly  upon  the  caus 
and  duration  of  the  disease,  and  upon  the  age  an 
constitution  of  the  patient.  If  the  paralysis  is  cause 
by  tumours  pressing  on  the  spinal  cord,  or  if  there  : 
scrofulous  or  other  disease  of  the  vertebne,  or  if  tL 


ulwtanoc  of  the  cord  is  uctuiill^  dc8troje«l  hy  in- 
lamnuUion  oud  softcuiiig,  the  galnuiic  current  may 
rtiUere  ccrUin  symptoms  of  the  affection,  but  cannot 
hare  an}-  cumtive  efiectti.  On  the  contrary,  if  the 
paralysis  is  due  to  alight  meningitis  or  myelitis,  or 
to  OTer>exertiou  imd  consequent  exhaustion  of  nervoui 
poirer,  or  to  auKmia,  much  benefit  may  result  IVom 
a  judioiuus  ii80  uf  both  ^vauixatioii  luid  fartidiestion. 
tleru  parSmt,  youtif;  putientM  und  recent  ca^cs  aiv 
DOre  likely  to  get  wvU  than  the  ruTorse. 


^: 


Cabe  17. — Parapieffia  d*u  to  ditfosc  of  the  gpinai 
cord  in  the  doriai  rtt/um, 

T.  B.,  aged  35,  a  BUrreyor.  hnd,  witli  tbo  exception  of 
■lio!*,  atrer  been  lit  nntil  nix  moiiUia  ago,  nbon  Im 
nniuually  oro^taxod  willi  work,  aud  was  constantly 
expo«icd  tn  tlin  iaflncnc*  of  tlamp  and  cold.  60  giwliiol 
was  tli«  kna  ot  power  Ihut  came  or«r  liiro,  Lhat  lie  wiu>  nol 
llio  tir*l  tit  nuticv  it,  but  wiut  told  by  his  frionds  tliat  bo 
wiilkod  liune.  Soon  afl«rwards,  however,  he  felt  so  weak 
that  Iw  vouM  not  walk  withoot  this  aid  of  a  Ntiok.  His 
feci  nMrd  to  pprspiro  a  go>A  dcnl  ImlarD  be  began  to  niRbr 
in  this  war,  bat  bad  not  donu  so  after  he  liad  beoome 
lame.  In  the  region  of  the  t«ntb  dorsal  vcrtcfani,  lli«  hack 
was  paiiintl  to  {iresSBre,  and  liol  apougm  upjiliod  llxirc, 
producni  a  jiecnliarly  anplcassnl  aeiuinlioii,  diKeronl  fVom 
that  wim-h  WMN  felt  on  other  ports  of  the  back.  Tlio 
ftiieat  bad  at  6r*t  percmvvd  'pins  and  dimkUm'  id  llie 

iwcr  (rKtmnitisa,  wliioh  was,  aAer  a  time,  snoceeded  by  a 
fteliag  of  numbness,  so  that  in  walking  ba  did  not  foul  Lite 
IfTonnd.  When  Blanding  in  the  dark,  or  witli  his  eyes 
dosed,  be  nL  once  began  to  stager.  Ooinff  downilairs 
wia  v«ry  ditiicHlt  for  him.    Tbo  skia  wiw  iiy,  cold,  nud 
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flBbbT.  I  eiainined  it  by  the  aid  of  the  RHtheBiome 
and  found  a  great  diminnCioo  of  Beneibility  all  over 
lower  part  of  the  back,  the  epigastrinin,  and  the  loi 
estromtties ;  but  there  was  no  complete  ameBthesia.  H 
muscles  of  the  abdomen  and  of  the  lower  extremities  w 
somewhat  wasted,  and  sluggish  in  their  response  to 
galvanic  stimulus.  The  patient  suffered  from  costiven 
and  a  feeling  of  prosaore  and  tightness  in  the  epigastrii 
and  w&s  obliged  to  use  groat  exertions  for  relieving  : 
bladdi^r.  Tho  urine  was  apt  to  tnm  alkaline  in  a  sh 
time,  but  otherwise  healthy.  The  patient  had  sometic 
involuntary  emismons  of  feacea  and  urine.  He  had  tal 
much  medicine,  especially  strychnia,  bichloride  of  mercQ 
and  iodide  of  potaasinm,  but  without  any  benefit. 

The  diagnosis  was :  chronic  myelitis  in  the  dor 
region,  due  to  over-exertion  and  expoaore ;  the  tre&tmi 
to  con-sist  of  galvanisation  of  the  back  and  the  feet,  a 
faradisation  of  the  mnsclcs  of  the  abdomen  and  of  i 
lower  extremities.  No  medicine  waa  given.  The  res 
Wfta  as  follows: — The  feet,  to  which  a  current  of  thii 
cells  of  Bunsen'a  battery  waa  administered,  became  wa: 
and  glowing  after  a  short  time,  and  the  pain  in  the  bai 
for  wliieh  a  current  of  twelve  cells  was  used,  was  vt 
much  diminished.  After  a  fortnight's  treatment  i 
patient  felt  a  good  deal  bettor.  He  had  more  control  oi 
his  IcfT^,  waa  better  able  to  hold  and  pass  his  urine,  a 
sensation  waa  more  distinct  everywhere.  He  remain 
under  niy  care  for  nearly  six  weeks,  getting  gradua 
stronger,  and  being  again  able  to  walk  a  short  diatar 
without  the  aid  of  a  stick.  The  feet  now  perspired 
much  as  they  liad  ever  done  before.  In  tliis  caao, 
longer  treatment  would  jinilmbly  have  effected  a  compli 
enri',  as  tho  mischief  in  the  cord  had  evidently  not  pi 
oeeded  to  destniction  of  nervous  matter. 

Cape  IS. — A  commercial    traveller,  aged  38,  consult 
me  in  October,  1S(j4,  for  weukness  in  the  back,  and  It 
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of  powtn*  in  tlio  lowor  cxtmmtica.  H«  bogsn  to  miSer  in 
Uiuvb  of  ibo  nme  year,  altar  annsnally  k&M  irork  uul 
^T«at  fatigues;  and  had  got  gradually  worie  fram  that 
ttiiiti.  At  tirit  he  felt  a  «cn«atM>n  of  pin*  and  nccdiM  in 
the  feet,  Init  tins  liad  now  been  iuccecded  by  Dttmbiuiw). 
Hi<  gnit  vtui  tiittoring,  and  he  conid  only  w»lk  by  tilt  aid 
of  two  sticks.  There  was  a  hi);h  degree  of  anvstliecia  in 
II19  back  frotn  the  nixth  donwl  Tvrtebn  downwards,  and 
•bo  in  boLli  tliigba  and  legs,  so  that  the  applioalion  of  an 
•stmnely  iiowerfol  galnuiio  carrunt  wa»  only  ju»t  folt  an  a 
el^bt  ttHKliiig  sensation.  The  patient  also  stilfered  from 
GOstivoiHiH*  and  diffiralty  of  micturition.  Thoro  was  no 
ataxy.  I  aivjilied  tho  oontiouona  cnrrcnt  twice  a  wock  for 
two  monlli^  at  the  end  of  which  time  the  jiatient  could 
walk  wilhonl  a  stick,  hiul  lo»t  tlic  rt^vtiDg  of  iiurnhnpag  in 
the  feet,  and  the  auiestlMMia  of  llie  back  had  so  far  yieldoil 
iliat  tbe  application  of  forty  relU  of  tlio  battery  was  all  ho 
oODJd  comfortaSty  bt-ar,  wlnlc  at  fintt  tho  crnrrant  of  a 
hnndre<l  cells  Itad  appeared  to  him  'like  nothinjf.'  From 
beginning  with  the  latu^  numliAr,  I  gradoally  oamo  itown 
to  fifteen  cells,  which  wcro  distioctly  fvlt  when  I  diuon- 
tiDUc«l  lJi«  galraniim.  Tlie  patient  being  aiixionji  to  rv> 
some  Ilia  avo<.'atioD8,  I  put  liim  on  a  cnnrso  of  nitrate  of 
silver,  in  order  to  guanl  him  Dgainat  a  nlapse ;  aiul  I  lutl^ly 
heard  that  Imi  had  remainod  in  good  working  coodiiiou 
ever  mdm. 

Tho  following  cut  it  of  a  different  kind,  as  it  vu 
caused  by  nu>cbanical  rtolcDce : — 

Cakb  1!^.— K.  M,.  a  brickbycr.  aged  S7,  waa  ndmiltol  oa 
UD  oDU|iiitieiit  »l  Ihn  Inflrinary  for  Epilepsy  and  I'amlyiiis, 
in  OetolxT.  IWW.  Thnw  montbn  afpi  in-  hai)  Umw  nin 
over  by  a  cart,  wliich  liad  injonnl  his  back,  and  from  tliat 
Itmo  be  hail  lii«t  power  in  the  lufl  lliijtb  and  leg.  On  cti< 
■mining  the  Imck,  I  foonil  a  oonaiderahle  de|>r»iit<m  abool 
ihn  Hvoutk  doraal  vert«bn>.  whiUi  Uie  nxtli  vortcbm  woa 
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nnoBually  promiiieiit.  There  was  great  teudenieBs 
presenre  at  tliese  points,  and  incomplete  azueetlieBia  of 
left  side  of  the  back,  and  of  the  left  thigh  and  leg.  Tli 
was  loss  of  power  in  all  the  mnsclefl  of  the  lower  extrem 
bnt  no  paralysiB ;  the  patient  waa  able  to  move  the  th 
and  lo^r,  bat  &ay  snob  exertion  csnsed  comtidereble  p 
and  exhaustion.  ,These  Bymptoms  I  thought  at  first  i 
to  subacute  inflammatory  aofCening  of  part  of  the  poatei 
arch  of  the  sixth  dorsal  vertebra,  whereby  &e  dura  t 
pia  mater,  and  the  left  postero- lateral  column  of  the  cc 
were  compressed,  bnt  tbey  were  more  probably  owing 
efiuaion,  and  subsequent  partial  muscular  contraction  i 
paralysis,  whereby  the  position  of  the  vertebraB  bece 
altered.  In  this  case  I  used  a  cord-current  of  twenty  cc 
When  I  saw  the  patient  again,  three  daya  afterwarda, 
tenderness  on  pressure  and  the  ameathesia  were  eonsid 
ably  less,  but  there  was  no  more  power  in  wallcing.  ' 
continuous  current  was  repeated  four  times  more,  aJ 
which  the  depression  of  the  soTcnth,  and  the  promine 
of  the  sixth  dorsal  vertebra,  had  very  nearly  disappeai 
and  there  was  neither  tenderness  nor  auiestheBia.  As 
muscular  jiower,  however,  did  not  return,  I  applied  fo 
(ligation  to  the  muscles  of  the  thigh  and  leg,  with  the  res 
that,  after  three  aueh  applications  within  ton  days, 
jiaticut  could  be  discharged  cured. 

An  interesting  case  of  imperfect  epinal  hemiplej 
lias  been  put  on  record  by  Benedict ; — 

A  porter,  afjed  42,  was  admitted  into  Oppolzer's  cliniq 
ill  the  General  Hospital  of  Viciiiia.  Twelve  months  huf 
admisRiiin  ho  was  accidentally  |>resscd  against  the  wall  c 
cellar  by  ii  large  tub.  Ho  lost  his  couscionsness,  bnt  at 
returned  to  work.  Ever  since  that  time,  however, 
noticed  priigi-essivo  weakness  in  the  whole  of  tlie  rij 
side,  and  laucinating  paius  in  the  right  leg.     On  being  i 

•  CaDStotl'B  Jiihwslioriolit,  1887,  vol.  L 
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•mined  it  was  fonnd  thnt  MDHibilitj*  to  pain  a«  wdU  as  la 
toocli  WAjt  Lint  ill  Ihn  right  arm  uid  }e^ ;  that  p«NUT« 
tnort'iDenU  irore  not  felt  in  tbo  up[K>r  cxtretuity,  while  on 
the  tip-joint  tluijr  cstumL  pain.  Thu  patient  could  moro 
bid  1^,  but  serNsl  moacles  of  the  arm  and  shoulder  were 
bml/KxI.  Ai'tiro  vul  puKiTO'  mormoontM  of  tbe  head 
rora  extremely  difBcult;  there  Tree  fpioat  teniiion  of  the 
DusolvN,  and  pain  and  oropitntion  abont  tbe  oervinl 
rertebrw.  Tlie  froit  was  that  peculiar  to  hemiplogie 
Dnt«.  Ilcadsobo  in  the  oodpnt  wa«  complaint  of; 
I  WM  no  reflex  aotioo  from  ticklinf^.  ElKtro-mnKcntar 
ntzactili^  «u  noroutl;  eloctro-maccnlar  and  eloclro- 
oataneoos  Mnaibililj  destray«d;  sixth  oerrical  Tertebm 
^strongly  proauBont,  fifUi  ninch  dopmned.  !%•  Tertebrol 
□Inmn  wne  strongly  prumineut  towards  the  neclc.  Bono 
diet  prnnonnccd  the  case  to  bo  one  of  aflfantion  of  Uie  spine, 
seated  probably  alionl  the  fifUi  cerricat  vertclini;  llio 
aymptonia  being  duo  to  oompreuiion  of  tbe  n^ht  po«tero- 
Bi*]  eolnian  of  the  cord.  He  applied  tbo  oontinnoui> 
at  to  tlie  spine.  The  next  day  the  palietil  felt  pABbive 
inovsmentfl,  and  the  teosion  of  tbo  miuvlea  of  tiiv  arm  was 
less.  Poor  days  afterwanU  tli«  culanoons  waubility  in 
the  fool  and  log  had  returaoil,  and  the  aoDMition  iu  the 
LBnn  was  abo  uoroial.  A  fortnight  afterwords  the  patient 
'«M  dijichargcd  ocariy  well. 

Hie  following  is  one  of  Ue^er's  ca8i*a  *  : — 

A  Pnuwan  officer,  aged  88,  who  WM  much  expoacd  to 
cold  and  heat  altemati^ly,  being  amploycd  in  %lm  Kim* 
focloiy  at  Spaiutau,  firal  perceived  in  18t>2  a  sort  of  nn- 
Hteadineu  in  Ida  lefpi,  whicli  was  followed  by  a  fi>elin]{  of 
colli  and  nombaesii  tn  thu  whulo  left  iddn  uf  tbe  budj  - 
Theiw  seoMtioos  gradually  diMppcand,  but  were  suocecdci 
by  progressive  wealcnen  in  the  left  tliigh,  reflectory  uortv 
most*  in  both  leg*,  wasting  of  the  left  jflaUd  and  mtueln 

•  Dio  Dtktriciiil,  «t«.,  p.  328. 
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of  the  left  tliif^,  ahi]  a  rpdiog;  of  weig^bt  in  tho  Itmifar 
Hjiinv.  Tlio  patlottt  tiiiprovmL  nndor  ircMtment :  tmt  id 
Octoticr,  1867.  on  tcettt^S  <^"^  *^^  "  <^'>'  '^  do-rra,  kd(I  oobU 
not  gci  Dp  b^-  himwlf.  Fi^m  tkftt  time  tbo  ImriiMi—  of 
the  leg  inereased  very  mtiob  i  goin^  downstain  wu  yeij 
difficult,  and  tlio  tnnsclm  of  tho  tkigii  wrnrtml  avn^  npidlj-. 
There  was  ])ain  ou  prvaaore  oii  tlie  lumbar  vpine.  Mejer 
applied  Uio  positiw  pole  to  tho  pnJnfuI  spot  of  tfan  gpiao, 
aud  the  De)^Livc  to  llic  left  crnnU  plexus.  AAer  nitut 
mch  applications  the  natritaou  of  tbe  leg  vim  impramd, 
the  lanHnoM  leM,  going  upRtotra  and  doinuilaitii  waa  eo^, 
and  the  potiBnt  oonld  waUc  for  aotne  milea  witbout  ftt%«e. 

Dr.  Hitxt^;  *  bos  cured  a  BimilAr  eaae  t — 

A  MrgcAnt-nuijor  of  the  Pnijwiun  Guards,  aged  33,  (tUl 
with  bis  liorao  in  Mnrch,  19^,  and  cnmo  down  nn  lh« 
bottom  of  hia  back.  He  felt  pain  thnv,  bnt  wa»  able  to 
remain  in  active  airrvioD  ontil  T^j*,  when  he  bad  ploariaj. 
He  was  cotivaleeccDt  in  Julj,  but  fVom  tluit  time  the  patD 
in  tlii^  brick  increwted  ;  thoro  was  ahw  p»i»  in  the  Ivgs,  and 
extreme  Bennbilitj  to  touch.  He  bad  '  piiis  and  needles ' 
in  tho  feel,  and  felt  the  gronnd  xoft  on  walking.  Huitv 
were  involnntanr  mtucriilar  twitcUeH,  and  the  [uitieut  got 
very  lame;  emuwians  of  eenen  took  place  thrao  or  foar 
timM  a  WGok.  Bo  oonid  nratber  valk  nor  aland  with 
closed  eyes,  or  in  the  dark,  and  was  oblifn'd.  wbon  be 
wnlkod,  to  do  so  in  a  stooping  ponitinn,  as  in  walking  erect 
he  felt  diEXf ,  aud  the  giain  in  llie  hack  incrvftwd.  Nitntv 
nf  silror  and  iodido  of  potnuinm  bad  no  clfccL  Tie  slept 
liadl^r,  and  had  acarcelj  any  appetite.  Alter  eight  applkn- 
tiona  of  tbe  cootinoona  current  to  tbo  Spine  OOntinnMiToly, 
be  slept  well ;  there  wajt  onlj  little  pain,  aud  the  le^  Ml 
oasier.  Tbo  crural  nerres  w^ro  now  lik<nvixo  galvanicod 
intormittentlir,  and  with  snub  gond  oQcct  llat  tbir  Donib- 
Dosa  iu  tho  feet  disappeared,  and  ho  could  stand  with  cIomnI 
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«y«8  for  fiflocD  Mconds  without  »Ui^genjig.  Aft«r  six 
nrclu  nil  >7inplonu  bad  jit^Med  tu  tli«  galraiiic  tratlnutnt, 
«riUi  tho  oxpC{>lioH  of  •  sligiit  pnin  in  u  Tow  of  tlie  inier- 
rcrirbnil  afxtctw.  The  [mtieni  bad  two  rvlupses.  aftoroMi- 
Bidoiitblo  cxcrtioiu  and  coltl,  but  wbicli  jiclded  to  the  nmo 
treatnifnt. 


I 


3.  ParaltftufromDuifateofthcCervitalSympaUtttie. 
— Certain  cases  of  paralysis  can  outy  be  explainetl  bj* 
aHUiniii^  either  pressure  on,  or  disease  of,  Uie  c«rric(il 
•ympatlivtic ;  and  tlie  diagnosis  is  confirmed  if  tlifl 
parDJ^-His  is  cured  bj  galratiiHatton  of  the  sj-nipathL'ttc, 
without  any  othtr  trvjitment.  Onu  of  tlio  most  inter- 
esting caaea  of  thia  kind  that  haro  as  ;et  been 
recorded,  occarre<l  a  short  time  ago  in  tJie  ]>mc-tico 
of  Dr.  Drisaon,  of  Berlin : — 

A  Kulptor,  ogod  ^,  served  in  t]i«  PrDSHtan  canipaifi^  of 
1866.  RvcT  HiDco  Jnly  uf  tliat  j-car  \ut  bad  HalTi^nd  n  good 
deal  ill  liis  anus.  Wlwn  be  caiD«  nndor  ohaemlioa,  both 
amiK  yfcro  iraMvd  and  >■  ould  aw  Jov  ;  the  bnnda  wcro  ■n(DS> 
tfavtio  and  ancaoic,  like  tJiosc  of  a  dnid  budyj  »»  blomi 
fiowoi]  when  a  ncvdlt!  was  di'cj>ljr  stavk  intci  thnti  and 
tnlcen  oat;  the  iaor«iDOiit«  were  dilBcuIt  sad  powin-lcM, 
The  lowor  (•xtrrmitics  wcro  in  lancb  Ibe  mmu  oonditioD, 
bat  not  quite  so  bud.    Uinphoretiw  uf  all  kinds  bad  bMti 

Lnsed  for  producing  p«npintti«ii,  but  without  saeooss.     Mr. 

'Driimcn  dirMiUxl  the  contiuuous  current  to  the  cvrrtcnl 
K^mpatbclie,  and  during  the  SMond  application  |>TuIbse 
prntpinitiun    occurred,    more    ctt|>cciallf    In    tlifi    ling<'ni, 

'wbilu  ibo  liands  became  rod  :  dipk-gic  vuulraclioiui  ol'  the 
npprr  und  lonL-r  cxtrviuiltL'H  occurred  at  tho  samu  tiiau. 
The  tuoiperaturo  of  tlie  IiiuIm  rose  c»uMderabljr,  and  tlie 
motive  povror  of  tlo  exti«mitica  was  limuliaDctiuidy  in- 
h1.    Aner  twirfre  applications  tlic  patient  had  so  Sir 
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Tecoyercd  that  he  could  retnm  to  the  active  exercise 
his  profcBsioD.  In  this  case  no  peripheral  galTanisat 
had  been  nsed,  nor  had  any  medicine  been  given. 

The  followiog  case  occmred  in  the  practice  of  t 
same  observer : — 

A  jronth,  aged  18,  perceived,  after  liflang  a  heavy  weig 
a  BonBation  of  heaviness  and  stiffiieBB  in  the  arms,  wh 
increased  cliiefly  in  the  right  side,  and  prevented  him  fr 
tv-riting.  Neuralgic  pains  oconrred  in  the  sphere  of  '■ 
median  and  ulnar  nerve.  Peripheia)  galvanisation  i 
renorted  to  for  six  weeks,  bnt  as  the  symptoms  w 
rather  aggravated  than  otherwise,  the  patient  was  takes 
Dr.  Drisscn,  who  applied  the  positive  pole  to  the  '. 
superior  cervical  ganglion,  and  the  negative  to  the  rij 
r  (ransverse  processea  of  the  second  to  sixth  dorsal  vertol 

I  The  right  arm  felt  warm  after  the  first  application  j 

second  produced   strong  contractions  in  the  biceps  j    i 
I  I  the  third  in  the  deltoid.     After  this  treatment  bad  b 

continued  for  two  months,  the  patient  was  perfectly  wel 

Meyer*   has   had   similarly  good  results   in   ■ 
following  case,  which  was  of  a  more  severe  kind  :- 

A  bntler,  aged  46,  had  for  some  years  past  suffered  fi 

occasional  spasmodic  sensationa  in  the  throat,  which  i 

dercd  deglutition  impossible  ;  sensations  of  numbness 

tightness  in  the  legs',  the  spine,  and  the  chcHt,  were  i 

coraplai.ied  of;  sometimes  there  was  general  tremor 

convulsive  movements  of  the  heels,  knees,  and  the  ni 

Standing  gradually  became  difBcuU,  and  walking  im] 

'l  siblo.     The  right  side  of  the  neck  was  much  swollen,  h 

;  and  extremely  sensitive,  especially  on  the  point  correspc 

n  ing  to  the  superior  corrical  ganglion.     Meyer  thought  i 

the    tumour,  by  pressing  on   the  cervical    sympathi 

•  Loc.  cil.  p.  3*0, 
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CBBaed  ftlt  theeo  Bjmptonia,  aod  Uierdora  raKnIcd  to 
gHlrHDinlion  of  llu  wuiki.  No  other  trMtnutot  was  nsed. 
Within  nx  montlis  the  pAlient  bad  no  &r  rocorciwl  that 
ba  oonid  walk  aerenl  miles  at  a  time.  Ue  wu  under 
ttrntmatit  altogether  fer  aboat  eighleon  luonthii,  the  gal* 
Tanism  haring  been  applied  S70  time*.  la  ISG?  he  was 
porfccUjr  well. 

Tbo  foUowing  inxtanco  of  sjmpatliotic  puraljrsts 
cwcurred  in  taj  own  practice : — 

Cask  SO,— A  boj,  tged  8,  bod  within  six  nontha 
hooping-oougb,  ttcarlt-t  f«r«r,  pneomouia,  uod  cbiclum-pox. 
After  the  first  two  UlneBeea  be  rcnuuned  conipaniUvcl}' 
well,  but  nlW  tbo  pnimmonin  hv  d!d  not  rally,  and  the 
cliiL-kuti-pnx  aeemcd  altuoHt  to  fiaiBb  liim.  H«  waa  in  boi) 
two  niontliB  after  ttto  eruption  had  disappeared,  and  was 
eseo9aavi.ily  weak  and  tliio.  Ho  gradually  got  somowhat 
better  under  restoratiru  trcBtioent,  ao  that  he  was  able  to 
walk  altont  a  littlv,  and  tuko  a  iwrtain  antonnt  of  food. 
Uii  wnn  Ituwuver  fri-queiillj  ftiok  after  bit  neala,  and  fiof- 
fbred  at  ibo  aamo  tinio  tjrom  hcadacho,  dixrinemi  p*in,  and 
sptiBmodic  ooDtraetions  of  tJie  arma  and  lega.  Tbo  upper 
vxtruntilit-a  were  so  woak  that  he  could  hardtjr  do  anything 
for  liiiniL-lf;  they  were  oold  and  nearlj  atuNllKtio,  and 
mnoh  WBSt4Kt.  The  ]owor  cxtrcrnitioM  wore  affcwtcd  in 
a  mnch  Iwacr  degmo.  The  intellect  was  aente.  Tbe  little 
patient  had  a  attoag  duliko  to  solid  food,  on  aooount  of 
miutttcalion  bnrting  bun  ;  and  on  examining  the  jtiint  of 
the  JBiv,  I  foand  Bli|^t  but  biglily  scniitivo  Gwellinga  in 
both  Hob-naricuhLT  fotuur,  mora  especially  so  in  tbn  right. 
I  preaoribed  hy|Kipho«philo  of  soda,  with  sroall  dosea  of 
iodide  of  potanHium,  and  an  ointment  of  iodide  of  polaa- 
einni  to  b«  applied  to  tbo  swalling  aboat  the  jaw.  Alter 
six  weeks  tlic  boy  wan  in  tbo  same  condition  as  hcrora,  and 
I  thun  reiiorted  to  galvanisaliou  of  Umi  synijuatheiio,  tJiree 
timea  a  weelt.     Vnm  tbo  &r«t  a|>]>lication  Ibora  was  » 
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Bt«Ddy  improvonietit,  and  &fler  tirentj-two  applicalioos  tbe 
little  paiieat  had  tomplcUOj'  ittcoTcml  liix  Ixulth, 

4.  Hytierieal  Paroiym. — This  form  of  pamljau, 
which  oct'urs  ponorally  in  consequence  of  mental 
shock  and  poiul'al  emotions,  in  f^iris  and  womiui 
whose  sensibili^  is  imnsually  acnte,  may  attack  a 
few  muscles  oulj,  or  an  entity  limb,  or  the  whulo 
i}ody.  It  in  brought  on  citliL-r  siidilL-uly,  or  cre«p8  OQ 
gndually  and  muwaios.  It  frequently  assumes  the 
form  of  paraplegia,  the  recti  of  the  thighs  being  mo«t 
ofTectod,  but  h;st«rical  hemiplegia  is  by  no  means 
uncommon.  Hj'i^t^riciU  jxiralysis  is  altoi^i.-tliur  a 
functional  dimtrder,  and  iu  no  woy  conncct4.-d  witb 
structiuoJ  Icsloos  in  the  nervous  centres,  tUu  puri- 
pheml  nerves,  or  the  muscles.  It  is  seldom  the  only 
S}-nipttim  of  hv«t4'ria  in  a  patjeut,  but  is  genernlly 
nccouipanicd  l>y  (globus,  liyslericat  piuns,  BnaaUiecia 
of  tlie  skin,  muscles  and  bones,  crunpa,  and  disturb- 
unco  of  the  mfttutrual  ftanction.  Tho  eourao  and 
termination  of  hysterical  paralysis  appears  some* 
times  whimsical.  Some  cases  get  well  in  an  almost 
incredibly  short  time,  without  any  treatment,  and 
such  cases  ofWn  make  the  fortune  of  quacln,  whilo 
others  resist  for  years  a  variety  of  enetjgetic  thi'ia' 
peutioil  efforts.  On  the  whole,  galvaniaatiou  of  the 
cpimil  cord  is  the  best  treatment ;  but  where  no 
apparatus  furnishing  a  continuous  current  cud  Im 
procured,  faradisation  of  tlie  skin  of  the  luraljrvcd 
limbs  by  fine  wire-brushes  should  bo  rcsortod  to. 
Tlie  iudnoed  current  applied  by  moistL-ned  conductors 
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to  tho  panUjBod  mosclos  luu  tuaalty  on] j  little  effect, 
as  it  is  cliiofly  upon  scusibilitjr,  and  not  eo  much  on 
contntctility,  that  vn>  liuw  to  act  in  this  condition. 
Some  caaes  are  cured  hy  the  nse  of  faradisation  and 
galranieation  alternately. 

Casx  21.— a  ifirl,  aged  19,  livin^c  at  KilVum,  Ixwamo  an 
out-patient  at  iho  Samaritan  Froc  lloepilal  in  S«|ih>mbvr, 
IdGi,  and  wa.H  Miit  to  mc  b^  Dr.  Savti^c.  Slio  biul  alwny* 
Iraen  in  tadiflcn-nt  lit-altb,  and  daring  tlio  last  tbrM  jeora 
liad  gradaally  loot  lliu  power  ovvr  her  amu  and  Ick*.  to 
•nail  au  oxhtal  tlmt  she  vnw  M-nrody  able  to  walk  even 
wlura  mupporlL-d,  and  uiitirtilj^  incnpacltntt^d  from  doing  any 
woHc  wliatorer.  The  caoM  of  ttie  afTtvlioa  woa  caid  to  be 
dan  to  '•onto  troa1>l«'  the  bad  bail.  Sbc  firxt  in<«iitnuitcd 
111  15  jroan  of  age,  bat  wm  alvraya  invgular,  ibo  diiidiargo 
beiug  very  palo  and  scanty.  ljixt4NMi  montbs  ago  the  tata* 
monia  c^-aiicd  altogether,  and  from  tliiat  time  sbo  bacasw 
nearly  idiutic.  Sh«  was  very  listleai  wbeu  1  Snil  aw  bar, 
bnd  a  Tiicant  look,  and  conttidcrabli;  dilatation  of  both 
pa|Nl*,  more  eBpociallj  of  tlie  Ion  one.  Tbd  lett  iris  vras 
tOBiColy  at  all  inflnimocd  ercn  by  *troiig  ligtit.  Tbo  roieo 
waa  afaaoet  entirely  gone;  she  coald  only  speak  iu  a  faint 
whifpor.  Sbo  waa  freqaently  troubled  by  paiu  in  tbo  brad 
and  the  back.  Her  hands  and  feet  vrcro  always  ijaito  oold. 
Sbo  complained  of  siclcDem  in  tlie  nwruing,  total  want  of 
appiTiiU',  iiud  i'onstipale<)  bowels.  She  wu  always  wotm 
atW  eniotioDs,  and  Wl  rrv<|nt'iil  ty  hiul  lijiit«rioal  fits.  The 
musdt!*  were  very  badly  aoarisbvd.  but  ountraoted  tolembly 
well  under  (ho  inBneaco  of  tbo  electro-magnetio  current. 
Tbent  vnm  ucariy  completo  animUieHia  of  tli«  whole  left 
side,  including  tlio  eoiynnctira.  On  tbo  right  aiihi  (ho  loaa 
'  of  aenNation  irna  not  m>  umrkeil  as  ou  the  left ;  but  tlxi 
prick  of  a  pin  was  only  fi^l  mn  if  it  were  a  tonch  by  sosia 
blunt  iiHlranictit.  I  apjdini  an  inrerse  oonttnnoos  com-nt 
of  &om  40  to  &0  csUa  to  tlw  spine^  oontinoatively,  twioo 
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a  mclc.  After  six  wpcks  the  patimt  ms  so  nivdi  bn* 
provctl  UiAl  kIio  Rould  wiJk  tfareo  miles  at  a  time  witboat 
BBp})Ort;  ahe  oonld  ilress  luid  feed  bemiir;  vm  aUa  to  do 
henry  work  Rboat  Ui«  boQnc,  tind  had  always  mnn  bonds 
and  foet.  The  voice  hod  retarood,  tho  bowvU  nctwl  rvgn- 
larlv,  and  she  iraa  cheerful,  aod  took  ao  inlarest  in  wnrj- 
tiling  relating  to  her  affairs.  The  papilB  also  grftdnally 
roooveriMl  their  imrmal  Kiao ;  aod  tbe  cmtameaiA  r^appcated 
<Ht  I>ecoiabeT  'J7,  and  cootiotied  from  that  titno  at  ri'galar 
interral*.  Tho  patient  hua  scrvml  times  called  npou  bw 
within  the  last  two  or  threo  years,  and  infonnod  IBS  that 
ahi-  has  coutiniicd  in  peHi.'ct  livalth  uvcr  sinec. 

Cias  23. — A  lady,  a^red  30,  unmarried,  was  said  to  bavo 
vnflcred  from  oongcatioa  of  tho  spano  raghteoa  raontlu 
beforH  she  came  under  my  care  (Maj',  1868).  She  hail  not 
been  able  to  mnvr  frura  her  bed  or  ivifu  sinoo  tlicn,  and  had 
kMt  flesh  to  a  f^rfut  exlunt.  When  Kbe  endcaviiuvd  to  ait 
np  or  walk,  she  felt  so  sick,  tliat  she  was  obliged  to  Ijtf 
down  agaiu.  There  was  a  Mimation  of  uumbneea  in  both 
lower  extromituw,  and  in  the  back  from  tho  aixth  dor«l 
rartebra  downwards,  bul  uo  complete  ajuestheaia.  Uotb 
log*  were  hnbitnally  cold  ;  tlie  appetite  was  Dzoolknt,  bat 
the  bowels  habitually  confined,  and  the  catanieoia  ratlter 
too  abundant.  The  cause  of  tho  aBection  waa  a  wcno  of 
great  mental  emotJonB  the  patieut  bad  nndergooe.  KanuJI- 
■n.iinii  luul  galvanisnlion  were  alternately  asoil  wiUi  tbs 
ftI'L«-i  that  ader  nix  weeks'  treatment  idie  could  walk  half- 
a-oiile,  without  feeling  sick  or  tired.  Tho  trcatmmt  was 
continued  in  the  oountiy,  and  whco  I  laift  heard  of  her 
(April,  ltJ69)  she  was  again  quite  sUoDg  and  well. 


( 


Cies  23.— J7ys(mcal  Pam/yms,  Xntraigia,  and 
of  Voice. 

M.  K,,  aged  40,  a  nocdlewoman  of  feeble  conHlttatiou, 
had  for  a  long  time  Nufluml  from  neiualgia  in  the  right 
aim,  and  also  from  want  of  power  io  Iha  masolos,  ao  that 
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iilie  vrma  entirel;  uanble  to  wnrk.  The  cftiue  of  tbe  ftSbrtion 
wu  (roabki  nnd  aaxiety.  Slio  IjeoAiuc  •»  oat-pntipnt  ab 
the  Sanuu-itan  Free  Hoapita],  uuder  iho  care  Dr.  Hiiiiy 
G.  Wright,  who  f«nl  )ier  to  mo.  \ttvr  four  opcrationa,  ia 
whiob  1  directbd  iin  «xLra<currcut  tu  tlie  weakened  muxdcti, 
nnd  n  primuy  corrant  to  t]i«  skin,  itho  wiw  graatly  in* 
prov«<l;  but  wImd  sfaa  euDe  to  me  next  time,  tAic  hod 
entirely  lost  ber  voice.  I  thennipan  directed  tbe  faradio 
BtimnlaH  to  Uto  rccnrrviit  nerrf,  with  tbe  efioot  tliftt  tbo 
votou  nlomed  at  once.  By  nirtlior  trvntmcnt  tho  patient 
iru  entirely  ennd. 


I 


5.  Lead  Pahy. — In  thia  disease,  wbich  Hffccts 
oliiofly  punt«r8  and  ooiapositora,  but  nmy  also  bo 
Cttosed  by  driuking  water,  beer  or  wiiio,  wliiclj  baa 
become  imprecated  with  lead,  or  by  taking  BnafT 
whiob  ha«  bfen  piiclced  in  leiid-foil,  or  by  using  co»- 
mctic«  containing  K-iul,  and  iu  voriotu  otbor  maimers, 
tb«  intumal  odmiinfltration  of  iodide  of  pototisium 
is  the  betit  mL>aas  of  remoriug  thv  load  &om  tbo 
Byatem ;  but  this  alone  is  imldoin  tiiiifick-nt  for  cnrin{f 
tbe  (lisease,  tbe  most  frequent  symptotna  of  whJcb 
are  dropping  of  tho  wriatii,  colicky  pains  iu  the  ab- 
domen, anKstheftia  and  itcuratgia,  obstinate  contiti- 
pation,  wenkneM,  or  cren  low  of  sight,  and  spasm 
of  tbo  eyelids. 

For  theso  Bymptoma  golvaniaatJon  of  tho  optic, 
sympathetic,  and  tbe  cord,  and  faradisation  or  gal- 
vaniaation  of  tbe  pitTaly«ad  mnsclea,  is  the  most 
Sfrtistkctory  method  of  core. 

Lead  palsy  attacks  with  profereDM  tbe  upper  ex- 
tremities.   M.  Tancjaeret  dea  Planches  saw  amongst 
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l\^  cases  of  tluH  uffociion,  93  cobm  of  palsy  of  the 
anus,  14  of  the  lower  extremities,  and  6  oF  general 
puralj'sis.  Certain  sets  of  muscles  are  more  liable 
Uian  oUiers.  The  extensors  of  the  right  fomirm 
luv  ttio  fir#t  to  RufTer ;  tlie  wiiit  drops  and  camiot 
be  uxtendud ;  the  powor  of  extension  of  the  first  pha>- 
looges  of  tho  fingers  i»  also  gone  ;  bat  the  motion  of 
tlie  two  last  phalangoti  is  not  impuirod,  as  the  inter- 
ossei  BcarceljT,  if  ever,  participnte  in  the  dia 
The  mnaclea  generally  soon  become  ntropltieil,  tbi 
ba«fc  of  the  forearm  appears  concave,  tlie  thenar 
eminence  flattened,  and  the  triceps  and  deltoid  nioTO 
or  IcBs  wjuited.  The  electric  contructilit;  of  these 
muHcIt's  ia  eithtfr  totiiUj  gone,  or  coiisuleiably  dimi* 
iiished ;  but  the  sensibility  is  generally  pTescrred. 

U.  RuIonUurg  bait  rvlntcd  a  cam  in  whiob  famdio 
tmclility  was  oompletely  loot,  but  galvanii?  uxciinLility' 
|)reBerTod  and  ewn  incnmiiodi  and  a  good  11ict»jh.-iii  icnl 
cITccl  vniit  ubltuuud,  wilbuat  rcstumUon  o?  fiirttdic.  ar  dimi- 
nutiun  of  galvanic,  contrnQtility.  In  sach  caan,  wluilbl 
we  nse  oxtro-  or  iulra-muai^ular  ricitntion,  a  portiim  of 
onrrant  will  tmvol  to  tho  iinaSoct«d  antogunialB  of 
pamlyROd  ncrvt:.-)  and  nium^ltui.  Enlunbarg  ha*,  Irnvren 
seen  after  a  galvanic  treatment,  not  only  recovery  of  voloi 
tary  power,  bnt  iklno  of  faiudic  ootitmctility.  In  ono  < 
llo  obnert'ed  diplef^c  coutiiiutiona,  not  vuly  wilh  tbu 
nmgement  mnuiuiifd  by  RomaV  (p.  9-H),  bat  alao 
CRMaed  or  unibtoral  arra.tJKi'muut  of  tbo  eloolrodM, 
any  p»ri  of  tliv  trunk,  with  onndnnativo  or  iaterDiittent 
npiiliculion  of  firoin  10  to  20  cella.  Than  eoutntctiuns 
ap[>cnrDd  almost  immciliatoly  uii  elonng  the  circuit ;  wlicm 
tbe  poles  were  croaatsl  they  were  nttMogur,  and  caine  on 
morn  rapidly  in  tlm  ana  oorrKpoadiog  to  the  negative 
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pole;  Init  On  uicrcasinf;  the  power  of  die  eurrent,  tliey 
appeared  in  Uw  ullwr  itrin,  and  eron  in  tlio  Ikov,  nitd  ona 
or  both  lower  extremitioa.  Tkcjr  oonUDBOoed  wiUi  mov^ 
menu  of  ortmsioa  uid  abduction  of  tho  fingora,  olsTation 
and  luldnottoD  of  tbo  bund  and  the  Knvann,  uid  SuaJIjr  iite 
whole  Arm  «-iu!  clcmtod  nnil  nddnolod  towiu-ds  tbo  Uionuc. 
Where  the  eurrcnt  acted  coiitinun lively,  thftie  novemenbi 
partook  rather  of  the  character  of  a  gtwluall^r  increasing 
l«tanic  contradion;  whiln  if  it  wiut  iotcrmittoBt  the  oon- 
tDictiona  were  jeridiig  and  cuuvuUive. 

6.  Pnralyn*  from  Diteau  of  tkt  Urinary  Orgam. — 
InflatumuUon  and  ubs<H'«it  of  tho  kidneys,  rpnal  ciU- 
culns,  iiifiamiiuitioii  of  the  mncons  membnino  of  tbo 
bladder,  cUronic  iaflaamuitjoa  and  etilargf>ment  of 
the  proatate,  stricture  of  the  urothni,  luid  ot4ior 
diMoaes  of  those  parts,  may  produce  iucoinplvt«  ini- 
nUjais  of  the  lower  cxtromitiea.  In  such  caws  tho 
diai^horge  of  the  urine  la  more  or  less  impeded ;  the 
sphincter  aui  is  weak,  the  digestion  deranged,  the 
liiuhs  sbnlcj,  and  tlio  muscular  seiine  nrarlj  lost. 
The  degree  of  wcalcuosa  in  tlie  legs  mrics  witii  the 
stat«  of  the  urinary  organs.  In  most  of  t)icso  cucc 
a  consUtuUoiial  treatment  in  absolutelj  necoHaiy  for 
tho  cure  of  the  ofieotton,  since  the  mere  applicution 
of  galranism  to  the  paralysed  limbs  cannot  reoiore 
the  cause  of  tlie  ditiorder.  In  some  ca»e«  the  piuulj-His 
disapponri  after  the  cause  has  bocn  removed  ;  but  if 
it  still  porsiits  alWr  that,  a  furadio  ti«atmont  is  ge- 
nerallj  required.  In  some  such  patients,  faradisation 
may  even  remore  the  canse,  and  thus  cure  the  disorder. 

Cise  2-1. — A  gentleman,  aged  36,  consulted  me  in  Do> 
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oeraber,  1860,  for  (^oeml  delnlity  and  wftut  of  power  (n 
walking.  Uu  wui  not  nctnBll;  paiml/snl,  bnt  Torjr  weak 
in  his  lega,  whiuli  was  partly  due  to  nulantrition  of  tin 
DMUctos,  and  partly  to  pain  in  tin  thiglw,  whioL  iacrMood 
on  walking.  This  pain  seemed  to  ndistu  from  the  pcriuwfim, 
nnd  waa  worn  oAcr  emptying  tho  l>lail(U>r  and  tatdng  i-xoiv 
dae.  As  the  pennfBum  was  very  tuiider  to  tonob,  I  iuad« 
a  racial  oxominstiaii  of  tlw  pmnluto,  and  disoovorod  (liai 
tbo  organ  was  rcrj'  suimiUvc  uud  conaiilarablj  caLu^ed. 
The  pationl  then  Uild  mo  that  he  had  had  gooorrhtpol 
infliuumation  iii  18<!2,  and  again  in  186&,  whidi  waa  evi- 
dently the  cauBc  of  tlio  cbronio  inflammatioD  of  tho  pro- 
ttate.  Till)  urine  woh  oeutnil,  and  conlaiued  a  ^lud  iloal  of 
moco-pas.  Tlio  patient  hod  iilrvady  taken  iodido  of  potas- 
ainra,  iron,  aod  strychnia,  witbont  lienefit.  I  pnccribod 
small  doaes  of  liqoor  arsenical  is  for  iinproTiDg  Uie  Morptiin 
of  the  arinc,  and  applied  fitntdijuktion  to  tho  pnMtBt*-.  for 
rtiduniig  ibe  enlarKemont  of  that  organ.  Tlie  Gmi  a[ipti- 
cation  gnvD  immodiat«  rvlicf,  an  tho  tondcmcm  in  tliv  peri- 
meom  was  diminished,  and  tlie  pniieut  oould  walk  vriifa 
more  coso  aftorward«:  nor  wu  mictoritinn  m  painful  oa 
it  had  been  before.  The  urine  was  oliKhtty  acid  aflt^r  tba 
arsonic  hnd  boon  tnkon  fnr  livo  dayc,  and  in  uboat  a  fort> 
niglit  it  wnH  purfectly  hi>a]tby.  After  twenty-one  fai 
applications,  the  axo  of  tho  proslato  had  hrcomo  no: 
with  pniport.ionali!  iinprorcimontiaall  the  symirtoms. 
mniiclos  of  tlio  (hi^bH  and  legs  wen  now  golraaiMd  soti 
tiiiic;^  uod  within  six  weeks  tho  patient  was  quite  tvoovcrtxl. 

7.  Rlte!umaiu:  Parahjnt. — Pomlysts  of  cjertuin  mus- 
oks  or  seta  of  musclos  is  not  unfrcquently  iuduoed 
by  rUeunia.tiejn.  The  angrlt-'r,  tho  liuutsman,  and 
others  who  by  pleasare  or  necessity  are  much  cxpoaod 
to  dump  and  cold,  ore  chiedy  liable  to  tliis  kind  of 
palsy,  wliicl)  alTecta  with  preference  the  musclea  of 
tlie  low«r  atremilwt,  thus  giving  ruc  to  iucomplet^ 
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paraplogiu,  which  it  frequently  miBtaken  for  a  syra- 
ptom  of  discuse  of  the  epinaJ  cord.  The  extensor 
musclea  of  the  forearm,  which  are  animated  hy  the 
radial  nerve,  are  also  oRen  subjected  to  rheumatic 
paru,l;&i8.  Next  in  frequency  ninVs  paralysis  of  the 
laiiHclus  of  the  eyes,  the  portio  diua,  iLiid  the  tUlUtid 
and  trtipmtu.  The  inlevowei  and  Umhrieal  mnsoleB 
are  also  liable  to  rheumatic  palsy.  I  hare  observed 
this  tutter  affection  chiefly  in  young  women  suffering 
from  inimtiita  and  dcfvctiru  circtikliuii,  ciipociaUy  ui 
the  i-xtrviuilics.  Thv  first  symptom  Jo  a  fcvUug  of 
numboesfl  and  pain  in  the  fingers,  and  the  movements 
become  difficult  and  troublesome.  On  faradising  the 
iateroaaei,  Uieir  oxcitubillty  gi-nerally  appears  im- 
paired, lu  such  ca«cs  it  is  easy  to  arrest  the  disease 
by  a  short  faradio  treatment;  but  if  nothing  be  done 
fur  it,  the  mus^cles  may  In  time  become  atrophied ; 
the  iiiterosseoua  apaocfi  then  appear  hollow,  tho  cir- 
culation becomes  impiUred,  the  hand  thin  and  cold, 
the  fingers  can  be  but  slightly  rvmorcd  &om  one 
another,  and  the  extension  of  the  two  last  phalanges 

tifl  impoaiible;  omnhness  and  stiffness  increase,  and 
at  last  the  hand  beoomes  quite  u»oIc«h.  Paralysis  of 
the  poriio  dura  will  be  considered  under  a  separate 
heading. 
The  inrasioD  of  riienmatio  paralyus  U  tontetiuc* 
Kndden,  in  other  caaes  gradntU.  It  is  sometimes  th« 
CODSoqucoce  of  rheumatic  fever.  It  may  begin  with 
pain  in  a  set  of  mosolus,  whereby  motion  is  rendered 
j^vdtflicult  or  impossible ;  and  when  the  pain  ia  gone. 
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the  immobility  still  continoes ;  in  other  cases 
paio,  but  only  numbness  is  complained  o^  whic 
especially  great  in  tlie  toes,  if  the  seat  of  the  paial 
is  in  the  lower  extremiticB.  If  the  invasion  has  I 
sudden,  and  pain  is  felt  in  the  paralysed  mosi 
Jj  '  the  electric  excitation  of  the  muscles  is  like' 

painful ;  but  when  the  diaeaae  has  come  on  gradu 
galvanism  excites  very  little  sensation. 

There  is  no  hind  of  paralysis  in  which  the  th< 
peutical  effects  of  fiuudisation  are  so  striking  a 
rheumatic  paralysis,  in  which  affection  it  canno 
replaced  by  any  pnrely  medicinal  treatment.  "] 
applies  idao  to  protracted  and  serere  cases  wl 
have  resisted  a  variety  [of  energetic  therapeul 
iiieasures.  M.  Guitard  has  related  the  case  c 
i  patient  who  had  suffered  for  three  years  from  rl 

i  matic  paralysis;  there  was  general  emaciation 

i  immobility ;  the  head  drooped  on  to  the  chest, 

I  tliigbs  were  flexed  upon  the  abdomen,  the  legs  □ 

I  the  thighs.     Faradisation  was  used  for  a  month, 

aft'er  that  time  the  head  could  be  held  erect,  and 
legs  be  mnved  into  and  out  of  bed.  The  fan 
treatment  was  then  discontinued  for  some  ti 
whereupon  the  patient  relapsed  into  nearly  his  ] 
vious  state;  it  was  then  recommenced,  and  at 
end  of  six  weeks  an  almost  total  recovery  had  ta 
place. 

I  am  convinced  that  every  case  of  rheumatic  pi 
lysis  can  be  cured  by  faradisation,  provided  that 
muscular  tissne  has  not  yet  been  destroyed,  and 
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lavatment  i»  not  too  soon  discontinuMl.  Id  imscs  vf 
•muscular  atrophy  resultitig  from  rheumatic  paraljei*, 
fi&nuliiiatioii  U  likewise  of  gteaX  «en'ice. 

Cabk  2^. — SheHmtitie  Pwalytu  of  the  Forearm  and 
Hand. 

Hi*.  O.,  nged  HI,  wa§  sent  toatahj  Dr.  Hyde  Ss1t«r,  iu 
Jann&ry,  ihiii.  Thnw  montha  K'fitiv,  she  bad  mUToiwI 
ftom  ■  Mvore  Klttick  of  rlii'uinitlic  Ivri-r,  nearlj  all  Uia 
joints  baving  been  affeclvd.  Ab  booh  m  sIk  wu  able  to 
moTD  about  agaia,  tiite  wcut  into  tlio  conatrj,  wbcre  ber 
general  bealth  miwb  tm|froveil.  Her  ri^ht  arm  and  IiMid, 
liowDvar,  rumainrd  piiiotiil  luid  nsrluM,  ntid  she  y**  llierv- 
(bra  adriietl  (o  try  funuliiuition.  On  eiamiiiin){  llie  fore* 
arm  and  the  hand  witb  tlto  ircthwraniatar,  I  (bund  tluil  ibe 
JKOUW  of  touch  waa  rnriMilDmbly  imfMiiivd.  Moreover,  (be 
tnanclM  woro  ooniiiilerablj'  niuttcd.  mofO  especially  the 
(Icxuni  and  the  iiileroowi  uinl  timiliHi^lit ;  ami  <>n  Kpiilyiug 
Uio  fiuadic  currant  to  tbi-tie  muaclea  indiridiiallj,  it  ap- 
peared that  tbetr  BansJUlity,  aa  well  as  tlteir  cnntnMHile 
'power,  were  xtaj  naarly  gone.  The  haad  had  lont  ita 
nolaral  iibapo,  nod  revonibled  a  bird's  dnw ;  a  oonfigurntion 
of  the  hnnd  irbich  ut  alwaya  aoaociatad  tritfa  low  ■>f  power 
in  thu  intcrowMi  and  lambrical  mnsctM,  and  randurs  U 
entirely  aaelom.  The  pain  waa  giettcat  at  ni|;lits  aiid 
ofaiefly  fvtt  in  tlio  fingem.  Tho  getieml  health  of  tho 
patinil  was  tolerably  good,  hat  abo  wiu  very  tliln,  and 
siitri'ml  ifTTAtly  from  dfHpondency.  I  hmxI  &rwliiuitii>n  of 
the  Kkin  for  the  cora  of  the  ]»in,  and  of  ibu  iuitli-riiit( 
nneclea  (or  reatoring  tWrn  l»  tlteir  nonnal  nntrilioa  aiul 
fhnrtion.  Aflcr  two  opevatioas  tlto  motor  [iowlt  of  ibe 
fiDgitn  wax  much  incroaaod :  the  maaolM  rcs{N>iidi-d  mora 
nadilj  to  the  faradia  Btimalwi,  and  the  njstbvitiomBler 
•faowod  an  tntproTetnmt  iu  tJw  ■eiiiH<  of  tonoh.  line  paiu, 
alUion^h  not  entinly  gone,  was  much  diminished.  Aftvr  a 
tortnight's  traatminttf  ibe  palient  atteudiug  tverj  other 
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d»r,  fttic  ivns  Me  to  cut  hc^  own  nukt,  and  to  do  somo 
housework,  and  iu  u  niuiilk  slie  could  do  Deedl«work  for 
thne  boani  connocntivoljr  without  rprling  piun  or  Eatigite. 
There  rvtm  then  do  longer  ob;  difference  in  tfao  mum*  of 
tonch  in  the  right  and  left  arm,  the  balk  of  the  cniuides 
vraa  UQob  inoreiuod,  and  ihc  hauil  had  roanmcd  its  nornuU 
abape.  ThH  rcmtlt  was  nil  the  moro  mtiHfnotoiT',  as  tho 
age  and  (.leueral  weakoesa  of  thu  ])iitieut  miro  not  iu  (kvotir 
of  8  rapid  cure. 

In  th«flo  caees  galvanigatioQ  ifi  eqnoUy  effective  As 
fimidtfiation,  and  Bometitues  crcn  more  npM  in  its 
Bctioa, 

8.  liefiejt  Pnmlyitit. — This  form  of  paralysis,  whicb 
ha  due  to  aJt  irritation  procet>(litig  from  u  acuBitivc 
nervo,  oiid  thence  trniiginittcd  to  tbt>  spinal  cord, 
often  disappears  spontaneously  as  soon  as  the  irrita- 
tion is  removed;  in  xaany  cases,  howerer,  eTen  after 
the  c^Etsation  of  the  cause,  the  poraljsis  remains ; 
and  then  fanidisation  or  |r(ilvKjusatio»  ore  by  fjir  tliu 
best  tlierapcuttcal  muasures  to  bo  tuod.  Again,  bt 
many  cases,  faradisation  or  galranisation  may  remote 
tlic  irritation,  and  thus  exercise  a  cw^tiru  action. 
Those  propositiooi)  will  be  beat  imderslood,  if  iUu8-_ 
tratcd  by  a  few  cases. 

Case  26. — Refiat  ParalytU  of  ilu  Hand  afhr 
Amputaium  of  a  Finger. 

Mn>.  D.,  Hgvd  42,  prickvd  tbo  roKfiajcer  of  her  left  haod 
wiUi  n  needle.  Tliis  iiidacod  considerable  pain,  nfwhieh 
slu)  did  not  at  iintt  taku  much  nntioe ;  but  an  the  fingvr 
soon  becacne  nach  inflamed,  she  applied  for  medical  adi 
BolwithstaDdiag  thv  troatmaot  aha  nndorwent,  tlw 
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mation  iiicreasod,  gnnf^rene  ensuod,  And  ai  lost  tUDpntatioii 
ot  tho  fingiir  bccttma  nacomujr.  Tliix  operation  wne  per- 
formed by  i\T.  Spenoer  Wdb,  ou  Duromlx-r  23.  lBI>a 
Tlirc«  moiitliH  vlnpucil  boforo  tho  stninp  wiw  hunlci),  as  at 
first  tho  puH  wan  of  a  very  bad  ctiiuitcUtr  ;  ajid  tlit;  acctv- 
tion  onlj  improvod  nJU-r  npMitod  cantflrintiotis  with 
nitrate  or  silver.  When  Iho  oicittrix  bad  kt  liutt  bocn 
funuod,  it  itp|)vitn)(l  ihiil  tlic  piitipnt  hnd  cntiroly  lost  tho 
OK  of  lier  Land,  aud  Mr.  Wull.-i  thon  mdI  lior  to  me. 
WhcD  I  first  taw  her,  tlio  tingcrs  vnire  extended  and  quite 
•tiff;  flexion  mad  lalemi  muvvnicuta  wore  tmpondblo.  Tbo 
tomna  eould  only  with  difficulty  Iw  bi>n(,  and  entry 
moTement  of  it  waa  painful.  NnralmuM  wna  fvlt  in  all  tho 
finger*,  and  pain  in  tliu  elbow  was  romplaiuod  of.  Tlie 
Stump,  which  lind  a  livid  ouloar,  wbm  exLrmoely  Mcuiitiro^ 
and  at  the  slightest  touch  of  it  tho  patient  almost  faintod. 
Beaid«a  thic,  tdie  liad  that  pocoliar  nyinptani  which  i*  by 
no  means  rare  in  itcnons  who  liavf  niidfrgono  an  umpnta- 
tion ;  that  is,  she  fait  pain  in  the  removed  part,  which  in- 
creeMid  towarda  evening.  Otherwise  she  was  in  Giir 
faoaltli,  with  tlio  eioeptioB,  hownrer,  that  she  bail  tliroe 
jeara  bcfinv,  alW  a  difficult  hibonr,  lost  the  ataiiH-nia, 
and,  in  rousequonoe  of  this,  sbe  soflbrvd  firom  hciuliM'hc  for 
a  few  days  vreiy  month.  I  directed  a  primary  faradio 
cafTcnt  to  tbo  tefi  ann,  tbe  pOKJIire  pule  being  allvmatcly 
applied  to  Ibe  tronlcs  of  (he  median  and  ulnar  nerves. 
Int.rn-mu«cnlar  faradisation  of  the  iaierossei  and  Inmbri- 
calM  was  also  porformod.  Immediately  after  (be  flrai 
application,  iho  {laltent  was  able  to  brnd  (be  second  and 
tliird  phnlangva  of  tbo  fingers ;  awl  after  tbi«f  more  nppli- 
oatiou,  bUm  waa  no  looger  tnrabled  with  pain  in  tho  ro> 
moved  finger-  Afli^  tbo  nintli  uperatien,  tlie  catameoia 
reappeared.  The  tvotoraliou  of  tho  mobility  of  (he  first 
phalanges  of  tbo  fingers  required  •  somewhat  longer  trml> 
mont,  aa  in  them  the  afllootlon  was  very  o1«tinato ;  bat 
eiW  some  wodks  this  was  also  attaiixMl.  At  the  uffle 
tSmo  tLe  stump  lind  asbanied  a  much  liealtbicr  colour }  It 
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wn*  finnn-,  mi<1  nnt  m>  MtMitiva  to  touch  iia  Iwforo. 
ntamitutu  continued  ftflcrwanlR  nt  regular  intemits. 

Cabe  27. — RejUi  Paralji»ia  and  Ktiralyia  ofth* 
Forearm  after  Praet^uft. 

M.  W,,  a  mfirricd  woman,  ngwl  4fl,  snflorvd  n  irvAatt  of 
thu  lovrt-r  i-iul  uf  tlic  rudiuH  of  the  rij{ht  arm,  in  couae- 
qucnce  or  n  fall.  Slio  tMcamo  mn  onl-p*li«t)t  At  tlio 
Hidilloiex  Hoipilid,  wlii^e  a  l«nd«ge  wiu  npptieil :  1>ut  bj 
tlio  cnroIcsHiio'A  of  t.Lo  patient,  this  got  ont  of  oriU>r,  kad 
llip  Iwui-  ln-alt-d  cninki^dly  in  oonH'quciK'c.  If.  ww  then 
ngniii  Iracturcd  bj  u  Hurgtxm,  nnd  pat  xtraight ;  but  tl>e 
ctiK  woa  now  protmcted  orer  teu  tnontlut ;  and  when  tha 
bone  w(u  at  last  Iwaledi  tlio  srm  remained  pninfbl  and 
Ciilirclj  nm'liMK.  Bhc  bocame,  aomc  liino  aflrm-anlit,  an 
out-patient  at  the  Samaritan  Yrcc  Uoapilal,  and  was  acot 
to  ine  liy  Dr.  Uonrj  Q.  Wright.  Fandiuilinn  of  tlw 
nit-'iliou  and  nlnar  avrvts*  wait  twiov  pcrfonniKl,  whi-n  tbo 
pain  WAS  cntiroly  gone,  and  tho  arm  could  bo  uu'd  &s 
before. 

Ca«k  28. — A  gentleman,  aged  4€,  when  on  a  aliooting 
excarsitm,  in  Oetobcr,  186?,  nccidvnlnlly  sliot  llic  llinnib  of 
his  right  band  ri([ht  off  at  the  metomrpal  ji>int.  Tlid 
wound  look  nearly  aix  wccka  to  boal,  and  it  was  then 
found  that  tbe  hand  was  completely  paralyncd.  Sit^cluus 
and  xtimulatin^  HrihroL-ationii  wrro  nacd,  bqt  willumt  anjr 
effect ;  and  the  hand  was  totally  naeleas  when  tbv  jmtiiink 
couiiult«d  mo  in  A]iri),  18f>8.  One  application  of  the  con* 
tuinons  current  restored  the  mobility  of  the  hand  ;  bnl  h 
it  wTi.t  iclill  weaker  than  l.hp  Ipfl  hand,  tlio  cnmml  wm  ap- 
plied three  times  morv,  aOcr  wbtdi  the  hand  waa  as  nwhl 
OS  it  could  be  mians  a  thumb. 

Cjlsi  S9. — A  yonng  lady,  aged  15,  of  scTOfkiloaB  haUta, 
suffered  from  an  nbMiuu  on  the  right  Ridcof  the  neck  which 
luid  to  be  o{>etied,  and  waa  rather  slow  to  heaL    Wh>iju  tlia 
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woniul  wfts  quite  closed,  it  wu  band  tliftt  there  was  com- 
plete loM  of  puwcr  in  the  left  trapeuus  Bxid  other  musclea 
wliich  ejcecat«  the  UlenO  mommmt  of  the  lumd,  to  tiiat 
the  pMtioat  was  uiuibto  to  turn  the  head  to  (he  leA  tide, 
whilo  sbo  could  turn  it  to  the  right.  I  wiu>  cnnmiltod  Boms 
time  aflcrwrnrds  (July,  IStSO),  and  agijilied  the  coniinuoiu 
correut  inlunniUvntly  to  tlir  saSbHiig  niuscliv.  Aftrr  thn 
oiUTcnt  bad  acted  for  aUiut  tva  6ui-oudii,  1  desired  the 
patJeut  to  mako  an  i-fTort  to  movo  livr  hciid  to  the  toft, 
when  it  wiiA  foiuid  tbui  she  could  do  it,  sltltoii^  not 
■«astljr.  A  few  more  ap]>licat)ou  ooi^rlotdy  restored  tbo 
power  io  tbo  tousctea  which  had  been  paialjrwMl. 


9.  Peripheral  Paralytin  from  Injury  to  Vu  Neroa 
{Traumatie  Paraiytia). — Tlie  patliology  of  UiCM  af- 
feoUoiu  huA  already  been  discu&scd  ou  p.  400.  Thej 
occur  chiefljr  in  ooiuequence  of  accidents,  or  bj  BUr- 
gical  operations  oniikilfiilly  perfonned ;  for  instance, 
wlicre  tbo  nlnur  nerve  ui  divided  in  resection  of  tho 
vlbow-juint,  c-tc.  Pressure  by  tumouni  or  efFusiona 
(syphilitic  or  goatj)  rany  cause  tbe  aanic  plictiumeua. 
The  de^e  of  functional  disturbance  is  lUvays  directly 
proportional  to  the  ezt«ut  of  tbo  lesion.  Where  nil 
the  fibrv«  of  tJio  norre  are  totally  deBtroye<l,  iJie 
properties  of  the  muscio*  anituutod  by  it  arc  totally 
ikwt;  iu  other  cases,  irbore  the  continuity  of  tJie 
nerroua  fibres  has  only  been  more  or  Icaa  damagod, 
but  not  entirely  destroyed,  the  muscles  become  vmik, 
Uid  their  sonaibility  and  excitability  to  the  faradio 
stimulus  diminished. 

On  the  whole  it  cannot  bo  said  that  tlie  rMiulla  of 
treatment  in  eases  of  this  kind  are  very  brilliant 
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VTe  hare  seen  Uut  tJie  conductivity  oT  the  paralysed 
nerves  does  not  reappear  before  at  least  two  or  Uikm 
moutlifi  have  etnpsed  after  the  commencement  of  the 
disease,  and  that  four,  six,  or  even  more  months  are 
Bcocssarjr  for  Kcoxery.  Whether  an  clMtric  treat- 
ment has  much  inBucnce  on  these  conditions  is  ut 
present  doubtful.  Of  conrae,  whorv  &radisation  or 
galvanisation  are  employed  shortly  before  the  con- 
daetirity  !»  re-established,  as  waa  done,  for  instance, 
in  Bayerlacher's  and  Kulenburg'g  eases  (p.  40!>), 
the  requite  will  apparently  be  ezocUeat ;  but  nhere 
the  tn>atment  is  commenced  in  the  bof^lnning  of  the 
di«-ase,  the  effect  has  gi^'ncniJly  not  bcou  quite  so 
satisfactory.  Nevertheless,  electrici^  ia  the  most 
rational  remedy  in  peripheral  palay.  It  is  still 
doubtful  whether  the  continuous  cum-nt  dws,  by  its 
catalytic  effects,  fi»M»t  in  removing  the  effusions  of 
blood  or  serum  which  have  t&kcn  plnco  at  the  Mat  of 
the  ii^ury  (Erb) ;  but  it  scorns  rational  to  use  it 
for  that  purpose  in  the  tiirliest  stages  of  the  disease, 
the  application  being  contimiative,  at  the  sent  of  the 
injury.  At  the  same  time  we  may  galvanise  tho 
cervical  sympathetic,  and  the  syisjMitlictic  bnuicbM 
whicli  accompany  tltc  vertebml  artvry.  Local  ah- 
structions  of  blood,  blisti^rs,  and  iodide  of  potassium 
may  be  used  at  the  same  time. 

Whether  the  regeneration  of  the  nerve,  and  there- 
fore the  re-cstablUhinent  of  its  conductivity,  may  be 
promoted  or  accelenited  by  the  use  of  any  form  of 
electricity,  is  as  yet  unknown.    It  ia,  howerer,  certain 
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that  wlien  the  regGEemtioa  of  the  nerve  has  takoD 
place,  and  this  does  nevertheless  iiot  re^n  its  func- 
tion, electricity  is  the  most  efi^Uve  means  to  rcstoro 
its  obedience  to  the  ordon  of  volition. 

Electricity  may  aJao  bo  of  sltvico  .by  prerenting 
mnsculiLT  atrophy.  We  hare  already  seen  (p.  216) 
that  muscles  which  an  frequently  cnosed  to  con- 
tract will  preserre  their  nntrition  longer  and  moro 
thumn<;lily  tliim  those  which  remain  quiescent.  In 
paralysis  from  uijury  to  a  nerve,  the  continuous 
ourreut  should  bo  nwd  fur  this  purpose,  because  thia 
i«  the  only  form  of  electricity  by  which  contractions 
con  be  prodiiceil.  Faradisation  employed  soon  or 
immediut4;ly  aft^-r  tho  oommeuctimont  of  the  affection, 
is  useless,  and  does  not  even  prevent  atrophy  of  the 
muscles  deprived  of  their  connection  with  the  coni, 
because  it  is  unable  tu  cauM  them  to  contnu:t.  On 
the  contrary,  if  rusortvd  to  from  about  uight  to 
twelve  months  aftur  the  accident,  when  regeneration 
of  tlie  nervous  tissue  has  taken  place  bat  the  will 
does  not  reach  the  muscles,  ^radisation  may  be  used 
with  idvaotoge. 

Cus  30. — A  porter,  ftg«d  93,  noScmX  compoand  frartaro 
of  the  right  arm  and  other  injurJcH  &am  beinff  rnu  ut-er  by 
B  vwi,  in  DucomW,  If^.  A(\vt  tlirao  moBtlu  tho  fmo- 
turu  won  lu«led,  bat  tlie  ana  rvmaiDod  luekuM.  He  camu 
to  ma  in  May,  I8t!t,  when  I  foand  oomplote  anoMihrwii, 
panlysiA,  iLropliy,  and  loan  of  electric  cnDtrMCtiUly  iif  Hm 
mnMtlva,  IVuui  tho  acroini«n  downwards.  I  rccomnuTiidMl 
liim  to  do  tiatliing  for  tliivo  Eiiont]i«,  and  liwn  )<>  imaent 
liiuNcIf  BgaiD.    Tkia  he  did  in  the  Qotgbcr  following,  wboa 
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Tie  appeared  to  be  much  in  the  same  condition  aa  when 
first  saw  him.  I  then  commenced  the  faradic  treatmei 
and  after  four  months  he  had  to  a  great  extent  recover 
the  nae  of  the  arm,  althongh  it  was  still  weaker  than  pi 
Tious  to  the  accident. 

Case  31. — An  nnmorried  lady,  aged  30,  of  delicate  cc 
stitntion  and  sedentary  habits,  was  sent  to  me  bj  I 
Thorowgood  in  Jnne,  1868.  She  had  had  a  railway  aC' 
dent,  near  Basle,  in  Switzerland,  in  September,  18( 
when  the  carri^e  in  which  she  was  seated  fell  down 
steep  bank,  and  was  upset.  She  was  stnnned  for  a  tin 
but  soon  recovered  herself.  Her  right  collar-bone  bo 
ever  was  broken,  and  the  skin  and  subjacent  parts  on  t 
lower  half  of  the  right  forearm  were  Bevercly  lacerab 
For  a  fortnight  after  the  accident,  she  felt  pins  and  need 
in  her  arms  and  legs,  but  had  not  done  so  lately.  T 
frscture  of  the  collar-bone  healed  within  two  months,  a 
the  injury  to  the  soft  parta  of  the  forearm  likewise.  Thi 
dcfp  scars  are  to  be  seen  on  the  front  of  the  latter.  The 
WL'i-e  all  the  sjmptonia  of  certain  branches  of  the  mot 
niTves  of  the  arm  having  considerably  suffered.  Cntaneo 
sensibility  in  the  lower  part  of  the  forearm,  the  hand,  a 
thi3  liiigers  was  considerably  diminished  ;  the  third  finj 
being  the  worst  in  this  respect.  Concerning  the  sense 
touch,  it  was  found  that  the  two  points  of  the  testhes 
iiiL'ter  were  felt  ut  the  proper  distance  in  the  first,  aecot 
and  little  finger,  but  not  in  the  third,  where  only  one  poi 
wns  fflt.  Electro-ciitincous  sensibility,  both  from  farai 
nation  and  galvanisation,  was  likewise  impaired,  m< 
especially  in  the  third  finger.  The  interossci  and  Inmbrii 
niu.'icles  of  the  right  hand  were  weak  and  wasted ;  t 
iiilra-metacarpal  spaces  being  hollow,  and  the  bones  pi 
trading.  Farad o-mascniar  contractility  was  much  dii 
iiislied,  but  nowhere  completely  lost;  galvano-mnscu 
cunti-a*;tility  was  somewhat  increased.  The  patient  ( 
perieuced  much   difficulty  in  carving,  dressing,  writii 
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ODtl  liuttonlo^  licr  •Jucn-M  noJ  ^Imvoa  ;  but  dlio  ConM  do  M 
theec  tliiDgs  witli  an  eHurl.  Sho  woa  nble  to  bend  the  first 
pfaiUiuifEW,  bat  aoi  tbo  avconil  ftnil  third.  Tlioro  wo*  no 
difference  of  torn |>i'nit ore  in  (lie  two  hnniln.  The  lower 
port^  of  tbu  fiiri'iu-ni  waa  vroiu-'iiiU-d,  blivrv  being  *  dif- 
ierecca  of  eevcii-Mf^hlha  of  an  iiM.'b  betirecn  tho  two  amu ; 
toTf  wliilo  the  left  nrm  nuiacurcd  fully  wnui  invbox,  the 
tight  inc«rar«d  ouly  six  and  ono<dgbth.  The  goaentl 
boaltfa  of  the  pnlivnt  wm  iwtuiGftctofy.  I  appliiil  tbv  poei- 
tivo  pole  of  tvrcntj  c«lb  to  tbu  doalricc*,  in  onlvt  to  pro- 
mote, if  possible,  tlie  TvgeDotntion  of  nvn'oos  6bnu ;  aad 
aliio  luilol  intermittently  on  the  sufleriDg  miuetvs.  After 
fuur  Kucb  applicatjous  Ifao  patient  felt  u  good  deal  stronger 
in  tho  arm  aod  wrist ;  sbu  eould  hold  things  bettvr,  did  not 
foel  BO  stiff  iu  writing,  and  her  huid  and  ami  did  not  acli« 
bIUt  wntiiig  a>  Ihejr  lued  lo  do.  She  alwo  found  ^u-ving 
•nd  dfwing  oasier,  and  hod  sucoceded  in  taming  a  key  in 
a  lode,  which  aho  conld  nut  do  Iteforo.  After  a  few  more 
•pplicntioDH,  tlie  third  lln^'r,  which  had  formerly  appeared 
■s  a  '  dead  log,'  rcoororod  it«  Mumibility,  and  she  folt  the 
priek  of  a  pin  and  the  two  points  of  the  compasim  qnita 
disi  iiicily.  Tlu)  meiacarpal  apacea  liecamo  mora  6Ued  up, 
and  wliL-n  she  left  town  br  oiuDge  of  air,  a  month  after  tbo 
.OOltU&aiMBittnt  of  the  trentntent,  tho  arm  and  bond  won 
mndk  more  aa&tal  than  before,  altbongb  not  quite  reconred. 

Cases  of  puoljBis  from  conHnnc^d  pieaBare,  espe- 
citUj  from  the  head  reotiiig  od  tht>  arm,  which  ocootb 
freqtu-ntly  during  uitozication  bj*  oicofaol,  or  in  po- 
tionts  who  aro  under  tlic  inflnonoe  of  chloroform,  oro 
geoeniUjr  ctirablo  bj  fanulisution  or  g&lriinisatioD. 


Casi  33< — A  kdy,  Sgeil  '^i.  luul  Iter  finit  ronliiu-nuni  iu 
JTorember  1864^  timing  vrhicli  sho  was  for  some  lime  nnder 
Ibe  inflnenoo  of  chtoroform.    While  in  tliis  condition  hrr 
^H'head  rated  heavily  on  the  ledl  ann,  and  piemci  so  rnndi 
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on  the  bracbin]  pIpxiM  thmt  a  nombcr  of  mtucloi,  Mumatod 
hy  tba  lftU«r,  Iwcarae  (xmiplotel;  paralysed,  tfasn  bring  kIm 
uuntbcflin  uT  tbo  l«(l  arm.  8)ie  nu  Kent  to  mo  in  Juntiuj, 
1865,  b}-  Ur.  Paget,  Tbe  afltwtioD  wu  most  mvvtv  in  tbt 
UiucUta  of  tbo  roronrm,  tlic  pfttiunt  boing  qoito  onaUe  t« 
lift  tbu  irmt,  wbicli  wna  much  swollen  nnd  bad  to  bo  bmiod 
Up  vrilb  »  HpUnt.  As  nlw  iiLto  complunml  of  grant  waak> 
nom  in  tire  otbar  limbs  and  the  bock,  1  combtnml  a  ooni- 
OBTTent  of  fil^  cvlU  witli  Guwlimtion  of  Iho  loft  shoutder 
and  arm.  AiWr  six  weeks  of  this  treatment,  tbe  pnttoot 
lad  entirDly  reoovvrtd  th«  oso  of  tho  loA  nrm,  ami  Etlt 
mach  stronger  genenlty. 

Cin  33.— Connl  Z.,  aged  6S,  bad,  nboot  twimty  ji 
ago,  safFered  from  a  rupltin<  of  the  capsular  h'punent. 
tbe  hip-joint  in  oonacqucuci;  of  an  occiiloDt,  lutd  luui 
qnite  ruoovered  from  tho  ctlccta  of  it.  flo  ouinplained 
greftt  nambneas  and  fitiirne!>!i  in  tliu  nglit  leg,  ihc  mnacles 
of  irbidi  irero  not  ncarlj-  so  well  developed  aa  tliow  of  tfaa 
left,  so  tiiat  ho  bnd  much  diERcaltf  in  walking.  Tho  aSb^ 
IJon  wiM  eviiivntljr  dne  to  preasnie  from  cfltuiion  and  si> 
trarasalion  of  blood.  £jir  James  Clark,  wlioin  be  had 
oonroltcd  in  Jnno,  18(7,  believed  that  Gimdtmttoa  woold 
tie  the  bc«t  means  to  restore  liim,  and  soul  hiu  to  nM: 
Tho  patient  waa  caosideanbtjr  improvrd  by  a  sliort  tnat 
meni,  bat  aa  lie  left  town  bood  afterwanU  to  mtoni  to 
Biuuiia,  tbe  core  was  not  coniptoto. 

10.  In/anUle  Petralym, — Tbo  pathology  of  thit 
aJScctioD  is  still  somewhat  obscure.  In&ntile  p«i»- 
lysia  conies  on  frequently  after  coDvulsiTe  Rta,  oving 
to  irritation  of  tbe  brain ;  but  wmetitDM  it  appeua 
suddenly,  without  any  premonitory  Kymptoma,  tn  ft 
child  which  is  otherwise  jterTectly  healthy.  On  ex- 
amining the  paialysed  limbs  in  such  cftsea,  «o  gene- 
rally find  that  cloctro-niuitculu'  coutructihty  is  much 
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diminishfid,  or  orcn  ontirclj  lost,  in  all  the  panlysed 
mtuclM ;  thtns  ia  atroph}'  of  tlic  miisolcs  and  bones, 
the  paraljsed  Umb  Wiiig  eliort^r  and  thinner  tliau 
tlie  healthy  ono ;  and  the  temperatare  in  the  former 
ia  considerably-  tower  than  in  the  latter.  The  aensi- 
bility  of  tlie  skiu,  the  luusdes,  and  tlie  norrc*! ranks 
is,  however,  not  iinpiiire<l,  even  in  coaea  of  very  long 
Btanding.  Bvnvdict  hiut  found  in  some  caves  that  in 
the  commencement  of  the  affection,  the  motor  excit- 
ability to  the  continnouB  corrent  was  rery  mnoh 
inorenaed.  I  ani  unable  to  aay  whether  this  is  the 
nito  or  not,  as  n31  cii«eii  which  hare  been  under  my 
CBTO  hod  existed  for  some  yearn  before  I  n-os  consnltod. 
Infimttlc  paralysis  resists  all  pnrely  medicinal  treat- 
ment, and  only  improres  onder  the  long-continued 
Tiie  of  faradisatioQ  and  golvauiaation.  Dr.  BtuwU 
lids,*  who  ho*  written  on  oxoellent  paper  on 
this  nibjcct,  recommends  the  alternate  use  of  these 
two  agenbf,  and  my  t-xporionco  ontiri'ly  Coincides 
with  that  of  Dr.  Reynolds.  I  generally  adriAe  a 
month's  galranisatiott,  then  a  month's  rest,  and  a 
month's  far&disatdon,  and  so  on.  Gymnastic  exercioes, 
IHctions  with  stimulating  liniments,  a  meat  diet,  and 
the  internal  adminiHtiatioit  of  phosphorus,  may  be 
combined  with  the  electricity. 

Cjue3-k — Aboy,  a^l  11,  comenixlBrmycnrcin  Angoxt, 

!]867.  ilo  KOB  tbo  (ililrHt  of  tbrre  brolhcnt,  k11  of  whom 
had  miSbrrod  of  furroua  aflvctions.  This  buy,  when  friz 
months  old,  bcgui  to  havo  couralnve  fits,  and  wite  eoioa- 
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limes  Bcnwoiog  the  w]h>1q  oigliL.  AfUtr  aa  nniuaaJljr  hai 
BtUck  tbo  riglil  k-g  Ixwame  pandTfrd,  tlio  litllo  )nliial 
being  ilieo  cloven  montlis  of  aige.  He  bad  subsTqacatlj 
wliuai>ing-i'uu);)i  nod  Cnrlci-lbver,  and  hud  toot  hia  lunring 
OD  the  riglit  side  after  the  latter  I'ortiplminL  MJs  gmenl 
hoftltb  WAM  aow  tolerably  goud;  iJio  inlelkot  lu«n.  Um 
appetite  brgts  the  bowcla  ivtr>)''^i'>  he  ha<l  not  miSand 
Jram  coavuLtioiw  for  the  hut  live  ycort.  Tha  right  tfajgli 
tneaaurod  e'lffht  inchoa  and  Uie  lelV  twelve,  four  ineht* 
ftboTC  the  pittulln ;  the  right  li-g  iiarvii  inchM  mm!  tim  loft 
Biao  wid  n  lialf,  thrve  Jnclies  brloir  llio  palelht.  The  pn*' 
Ijmd  tug  wu  about  hultiui-iiicli  iihort«r  tbtui  thn  tienlth/ 
one,  and  he  thi-rtffon<  woro  a  rataod  boot  to  comet  thn 
diffmiDOO.  Tbu  Ivft  kg  wiu  ^  Fidir.  coldur  than  the  right, 
bat  there  was  uo  aQUblhvaia.  Gnlvaiio-musimliu'  and  faradtk 
miucnhir  !.•»:! tjtiiility  ivpro  t)oth  ronndiimbly  dinuDExhcd.  I 
sdvuod  the  [lurents  to  let  the  boy  haire  a  conrsu  of  faradisa* 
tioD  and  gnlrniiintioti  occnsidiuUly  for  a  montli ;  whan  bu 
c)L>clric'it;V  uras  luiod,  frictiou  uf  tli«  leg  with  linica.  campK 
Cu„  a  libi'i-ul  iliul,  p\vuty  of  froah  air  and  oxoroice,  and  ^g  gr. 
of  phosphuru!!.  Thu  Ixiy  hu  been  brought  to  me  Uimo 
livM.  aod  ivkIi  time  improvod  considanbly.  Whan  I  wkm 
bim  Iftdt,  in  Doceubt'r,  1808,  the  diKisuwo  betwvcu  ilio  left 
and  right  tbigli,  which  wiu  at  first  foor  inchev,  vn»  mij 
on«)  and  a  half,  and  the  difference  between  Ilia  tight  aiwl 
loft  lug,  whivh  wiu  at  6rst  two  and  a  half  inubaa  wa*  oti\j 
one  ineh.  Tli«  boy  ooitld  walk  for  throe  or  four  mikii,  with 
a  Eticl:,  irilliout  fooling  much  fitlignap,  but  filing  npatain^ 
runuiiig,  aud  juin]>iiig  wore  dilliculi  and  tinnl  lum  oovaidor- 
abljr.  it  i§  [toaaiblo  tliat  within  anotfaor  year  or  two  ihii 
boj  may  oomphst«ly  recover. 


i 


11.   PaUtM  of  Ike  .V«T«  and  3fuacfeM  «/  tht  Eya, — 
If  the  thinl  nerve  or  motor  oculi  ti  fttnljwoAf  the  J 
upper  eyelid  droops  down  and  cannot  be  raiftod,  V 
throDgb  loss  of  powor  io  tlio  lorator  pftlpebno  tm- 
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perioris  moscle  (ptneis) ;  the  pupQ  is  dflated  and  tlio 
v^'criinnot  bo  mort^d  in  any  direction  except  nutvranls, 
as  the  n%tii#  oxUrrtiiu,  vrlucli  is  auimnted  by  th«  sixth 
nerre,  retains  its  fonction.  This  mnselo  U,  however, 
after  a  time  generally  nffetit^d  by  wcundary  contiao- 
tion,  which  causPB  direrRont  squint  iind  double  riaion. 
Local  palsy  of  the  fourth  rterve  is  of  rare  occurrence, 
and  difficult  ia  reoo^iae.  Professor  A.  ron  Qniefe,* 
of  Berlin,  says  that  in  this  affection  the  pupil  is 
tamed  a  httlu  upwards  and  inwitrds ;  when  looking 
upwards,  Tisiun  is  not  diittiirbod,  htit  in  looking  at 
an  object  placed  horizontally  before  the  eye,  the 
patient  sees  it  double ;  and  therefore,  in  order  to 
avoid  this,  the  head  is  generally  turned  towards  the 
opposite  side. 

If  the  nxth  nrrve  is  paralysed,  the  patient  squints 
innards,  and  has  double  vision  in  certain  directions ; 
sometimes  the  inward  deviation  of  the  eye  is  so 
considcmhle,  that  the  cornea  may  be  entirely  oou- 
cealed  at  tlie  inner  angle  of  tlie  orbit. 

^ase  palsies  may  be  cauaod  by  cerebral  uiTectiona ; 
but  are  more  frequently  owing  to  rheinuatic  or  sy- 
pliilitio  eS^siona,  or  to  over^'xertion  of  the  eyes,  or 
to  pressure  by  tatoours  and  exostoses.  The  patients 
^K  ue  geiiL'rally  trenled  with  iodide  of  potassium,  and 
^H.  counter-irritation  of  the  skin  in  the  neighbourhood 
^V  of  the  eye ;  and  some  recover  by  that  tieatment 
I  Operative  interference  has  often  been  attempted,  bat 
^^  genotttlly  left  the  patient  in  a  worse  condition  than 
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he  was  before  the  operation.  Where  the  usual  meana 
do  not  improve  the  condition  of  the  paralysed  mnscIeB, 
both  faradiaatioii  and  galvanisation  may  be  employed. 
M.  Meyer,*  Mr.  Soelberg  WellSjt  and  myself^  have 
seen  very  fevourable  results  of  the  former;  while 
Benedict  {  expresses  himself  strongly  in  favoor  of 
the  latter.  When  using  &radisation,  I  generally 
pla«e  the  positiTe  pole  below  the  ear,  and  a  small 
moistened  sponge  connected  with  the  negative  pole 
to  the  skin  of  the  closed  eyelid,  as  near  as  possible 
to  the  paralysed  mnscle,  sending  the  current  through 
for  two  or  three  minutes.  If  galvanisation  is  need, 
it  is  not  necessary  to  apply  the  current  to  the  eye 
itself,  as  in  this  instance  the  effect  takes  place  through 
the  retlex  action  of  the  fifth  pair  of  nerves.  Benedict 
recommends  to  apply  the  positive  pole  to  the  forehead, 
and  in  ptosis,  to  draw  tbe  negative  pole  over  the  lid ; 
in  paralysis  of  the  rectus  extemus,  to  put  the  negative 
pole  to  the  cheekbone ;  and  in  paralysis  of  the  rectus 
intenius,  to  draw  it  over  the  skin  of  the  side  of  the 
nose.  He  is  quite  coirect  in  stating  that  an  effect 
often  takes  place  instantaneously,  and  tliat  the  ap- 
plication should  be  short  and  feeble ;  but  he  is  ^vrong 
in  denying  the  beneficial  influence  of  faradisation  in 
these  cases.  Only  a  short  time  ago  I  had  a  patient 
under  my  care  who  suffered  from  paralysis  of  the 
rectus  intemus  muscle,  and  in  whom  the  continuous 

•  DouMcho  Klinik,  185B,  no.  38, 

+  '  A  Trotttine  on  the  I>ise.i»c6  of  tbe  Ejp,"  London,  1869,  p.  G6S, 

t  AkIiIv  flit  Ophthulmologie,  toI.  x.  p.  i. 
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current  vraa  applied  for  a  fortnight  Tnthout  any 
beueQt  whatever ;  I  then  resorted  to  faradisation, 
nitli  the  effect  thnt  tlie  piitient  felt  a  great  deoJ 
bettor  nftor  the  first  application,  and  rapidly  recovered 
under  a  continuanoo  of  tlie  fiu-iulic  trentment.  The 
rulu  slioidd  fliL-n-foro  bo  to  >Lppl.v  uitlicr  one  or  the 
other  form  of  electricity,  and  not  to  continue  one  of 
them  too  long  if  no  decided  benefit  is  prodaced. 

Cum  35. — A  lady,  agod  43,  who  had  beoo  in  the  habit  of 
onn«ierling  her  eye*,  bvtng  rvry  toad  of  jminttiig  to  wntor- 
ooloors,  waa  exposed  to  wet  and  cold  in  November,  lljtil, 
and  audditnly  noticed  that  nhc  auw  ercrythtng  doublo.  A 
bliatdr  was  applipil  boliini)  the  oar,  and  ahe  was  freely 
poj^ged,  afUrr  which  she  wiu  put  on  a  ooono  of  iodide  of 
polamnni.  Aa  she  did  not  get  bctUir,  ahc  wan  acnt  to  nw 
ill  FebruAry,  18i>i!,  whon  I  foanil  pnralyms  of  Ibo  le(t  roctiiB 
intcmiiH  muiwlo,  which  wiwi  [imbahly  owing  to  rhoainntio 
eShtioin.  I  tuted  faradiaalion  eiz  timee,  after  whif^h  the 
doable  vinoD  existtfd  only  for  object*  at  a  grnit  ilinlnnce, 
but  not  for  nmr  thiiigB.  The  patient  was  theii  uhliKiHl  to 
loara  biwn,  hilt  retamod  in  May  of  the  mme  year,  and  hod 
tan  more  ajtpUcatiuna,  after  which  the  moaole  had  qoita 
rocOTored,  and  tli«  double  vinon  di^>pMrod. 

Cub  36.— a  Iwlj,  agi-d  40,  wns  sent  to  ms  fay  Mr.  Whit« 
Coofw,  in  October,  186S.  She  hnil  for  Mome  tina  suffered 
from  mydrioaia  of  the  right  eye,  wLioh  conBiderahly  int<^- 
Enrcd  witli  sight.  She  wna  othrrwl*v  in  good  boaltli,  and 
unable  to  account  for  this  affocilon.  I  applied  a  gentle 
currant  for  a  short  time,  wtitdi  cao*»d  tho  irt«  to  contract 
Ttaibly.  She  wu  only  aIjIo  to  stay  in  town  for  a  fmr 
ia.j9,  so  that  the  treatment  ooold  not  raoeivc  a  foil  trial ; 
hut  Hhe  woe  oonsidembly  imprond  CTen  hy  tho  Hhart  treat- 
ment ftlie  had  followed. 

CiEC  37. — A  gootlemtn,  aged  4£>,  hod  for  ten  months 
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miBorad  Irom  ptosis  of  the  lett  ejdtd,  fbr  vrktcli  lio  tmjJ 
undergono  ft  varivty  of  iKalmcut  vrilhoDt  biMwSt,  w)i<ni  ha 
conraltcd  mo  in  Ueccniber,  ISi.^.  Thore  Ken  mmajr  otli«ri 
sjmpUitiut,  exciting  ttic  KaKjuHon  of  ocrcbml  itiMWKi.  Bf] 
bod  itx  applications  of  t]i«  continuons  oam>nt.  to  the  cyv  in 
«  Ibrtnifflit,  ilnring  wUioh  li«  rooovciwd  tbo  powvr  uTirr  Uwj 
«yeli<l,  altIiou|;li  there  waa  no  improreniieDt  iu  di«  oilHr] 

Where  both  eyolide  aro  di'oopiB^,  we  have  to  t\a\ 
Tiith  an  incuruble  affection  of  the  corpora  [juajrigi»> 
mina;  jet  even  in  such  oaaeft  the  continuons  cummt] 
maj  prove  of  bcncBt,  but  which  I  fear  i»  gencTnlljr  < 
onlj  tompomry. 

Mr.  Carter*  hjw  lately  recommended  to  combine 
faradisation  of  the  poralyBOd  muAcle  with  teuotomj'] 
of  the   contracted   one,  and  n]>pcArs  to  have  been] 
eaocesaful  in  carrj-ing  out  thia  irntBicnt.     Hi*  ]in>- 
po«e«  to  apply  thu  dectrodes  directly  to  the  nitiDculaTj 
sab«tiuice,  the  eyelid  being  lifted  and  controlk-d  by  i 
retraetor.  and  the  current  being  directed  to 
portion  of  tlie  coujunctira  which  corresponds  to  tbej 
situation   of  the   muscle.     Sach   an   application   is! 
much  more  painful  than  tlie  one  I  hare  recoatmondod, 
nnd  it  would  therefore  be  better  first  to  um>  OtaM 
electricity  externally,  and  only  in  case  this  i^honld^ 
not  answer,  to  apply  it  internally.    He  combinntioit 
of  tenotomy  witJi  faradisation,  however,  will  probabty 
prove  successful  in  many  caaea  where  Uie  use  of 
either  of  these  remedies  singly  might  fnit. 

12.  Paratjf$i»  of  tlia  Porlio  Dum, — Most  eaMM  of 
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faciul  pahy  arc  due  to  tho  influence  of  damp  and 
cold.  A  rbetunatiti  effusion  tokos  place  into  the 
ooUatftj-  tisaae,  by  which  the  peripheral  bmucbes  of 
the  portio  dura  are  conipraBsed,  and  their  function 
more  or  IcM  )Rhibit«cl.  In  Ruch  oaaes  the  lower 
portion  of  the  face  is  genfmllj  more  aflWrtwl  tlian 
the  upper  one.  Cusm  which  occur  in  children  or 
young  persons,  and  where  the  qnuntitjr  of  lymph 
efftwed  is  not  rety  considerable,  may  get  well  spon- 
tanfKtnEtly ;  but  in  adalta,  or  where  a  large  efiVuion 
hiu)  taken  pUce,  tlie  palny  only  yiehb  to  appropriate 
treatment.  Where  uU  the  muscles  of  the  face  are 
equuJly  affected,  wo  must  conclude  that  the  nerre  is 
compressed  by  an  effusion  in  the  fallopian  caual.  In 
nlight  eases  of  this  kind  the  farado-muacular  excit- 
ability i»  diminished,  and  in  severe  caaen  it  is  com* 
pletely  lo«t.  Galrit»o>nitiiicular  excitability  is  some- 
tames  increuMd,  and  Hi*iiietimo«  normal,  but  only  in 
exceptional  cases  it  is  diminished  or  lost. 

The  treatment  generally  employed  for  these  cases 
consists  of  blititeriug,  and  the  internal  use  of  iodide 
of  |H>t»iuinin  or  strychnia.  Electricity  is,  however, 
much  more  mpidly  tucceiteful,  especially  if  the  afltx-- 
tion  bo  of  recent  origin.  A  consideruhle  proportion 
of  these  cases  may  bo  cured  by  &radisation;  but 
where  this  fails,  and  likewise  in  those  cases  where  it 
produces  no  muscular  contractioua  at  all,  galran- 

]      isution  is  preferable.    Ilic  fiimdio  current  should  be 
apjilied  to  all  the  paralysed  muscles  individually; 

I       while  galvanism  is  better  appUcd  to  tlie  nerre,  the 
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positive  pole  beiog  placed  to  the  cerrical  spine, 
the  oe^tive  one  passed  over  the  peripfaeial  brain 
of  the  portio  dura.     Voltaic  alternatives  are  decid' 

JnsefuL  Where  the  external  application  does 
produce  mach  benefit,  the  negative  pole  maj 
applied  to  the  mncous  membrane  of  the  cheek,  wl 
sometimes  does  good,  after  all  other  modes  of  appl; 
the  enrrent  have  failed. 

Cases  of  rheamatic  paralysis  of  the  portio  < 
generally  yield  to  treatment  even  if  they  have  exi 
for  a  very  long  time  ;  thus  Professor  Or^  has  rel 
a  case  of  eight  and  a  half  years'  duration,  which 
cured  by  faradic  electricity,  and  Dr.  Bnssell  Reyn 
succeeded  by  the  same  means  in  notably  impro 
one  of  fourteen  years'  etanding. 

Facial   palsy  is   also   observed  as  a  symptor 
hcmijiltgi'i,  but  it  then  generally  appears  only 
I  '  few  muscles  of  the  face,  the  respiratory  branchi 

I  the  portio  dura,  which  animate  the  levator  aire 

t;t  oris,  and  tlie  buccinator  muscle  being  cbieS; 
foetod.  In  such  cases  the  electro-muscular 
tractility  is  either  normal  or  increased  to  both  t 
of  current.  Am  this  form  of  facial  palsy  has  a  uei 
origin,  faradisation  should  not  be  used.  The  j 
frequently  disappears  spontaneously,  but  whei 
continues  troublesome  for  several  months  after 
attack,  galvanisation  may  be  resorted  to,  and  g 
rally  proves  suceossful. 

Ill  tiimoiirs  of  the  corpus  striatum  and  cms  cer 
and  in  disease  of  the  pons,  iacial  palsy  ap| 
combined  with  paralysis  of  the  third  and  other  i 


: 


CHIP.  T.^ 


I'AllALYSIS. 


40O 


biml  nL-rT(^8.  Tii  such  coutlitioiis  no  form  of  cicctricil/ 
can  bo  .of  dw-idvd  or  penuauvat  use,  uJtbougb  tbe 
contiaaotifl  current  caotiousl^  applied  may  relieve 
certaiu  a^mptoms  of  the  affection. 

If  facial  jhUhv  mtsnoH  in  the  ooursie  of  locomotor 
atiuey,  it  is  geuentlt>-  an  unfitvotirablo  si^n,  showing 
thai  the  discum  i«  griidtinlly  iidTancing  towarda  the 
mcdiiUa  oblongata,  and  the  roots  and  nnctei  of  the 
cerebral  nerree.  The  contiououa  current  may,  bow- 
ever,  under  these  circumstances  be  employed  with  a 
fair  cbanoe  of  temporary  benefit. 

Wlicre  facial  paUy  is  duo  to  i»jwry,  <]ic  prognosis 
is  not  BO  fiLvonnible  as  in  those  cases  which  arn 
owing  to  rheumatic  effusions.  The  injury  may  bo 
due  to  external  violence,  such  as  a  blow,  shot,  cat, 
fSructore  of  the  petrous  portion  of  the  tem[)onL]  bone, 
division  of  the  ncrro  in  surgical  opomtions,  pressure 
^^by  the  application  of  tliu  furci'ps,  &c, ;  or  to  some 
^^natholofpcal  process  in  the  internal  ear,  as  caries  or 
^^niecrosis  of  the  petrous  portion  of  the  temporal  bone, 
^^typhilitic  exostoses,  etc.  In  such  cases  the  fiirado- 
uiiiHciiliur  excitability  is  quite  gone,  while  galrano* 
mosoalur  excitability  is  increased,  chiefly  in  the 
uimenccment  of  the  affection.  The  prognosis  here 
ipeods  entirely  upon  the  cause;  and  any  form  of 
lectricity  applied  as  long  as  the  cause  is  still  acting, 
can  du  DO  good.  But  if  the  canse  baa  been  reinoTed. 
and  the  nerve  yet  revises  to  obey  tbe  erJera  of 
jolition,  galranisation  la  the  best  moiuis  of  restoring 
function. 

aaS 
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Prom  many  eases  of  facial  palaj  which  have  c 
under  mj  ob8eiTB.tion,  I  select  the  following  =' — 

Case  38, — Paralynt  of  the  Face. 

Mr.  P.,  a  barrbtor,  aged  35,  having  been  eipoaed 
draught  of  cold  air  at  a  railway  station,  became  aSt 
with  paralysis  of  the  loft  portio  dnra.  The  phyaiognoi 
expression  had  entirely  vanished  from  that  side  of  the 
The  patient  was  not  able  to  langh,  to  &own,  to  whistl 
to  shut  his  eye,  which  latter  appeared  staring  and  protn 
The  angle  of  the  month  was  depressed,  and  drawn  ton 
the  opposite  side ;  that  of  the  sonnd  side  being  higher 
dramn  towards  the  ear.  The  cheeic  was  flabby  and  k 
and  eating  and  speakuig  was  troableaome.  The  pa 
was  sent  to  me  by  Dr.  Todd,  whom  he  had  consoltei 
months  afl«r  the  commencement  of  the  affection.  Fai 
mnscular  contractility  was  diminished.  I  directed 
fsradio  stimulus  to  all  the  paralysed  mnsclcs  individu 
with  the  effect  that  the  patient  regained  his  normal 
siognoraical  expression,  after  a  fortnight's  treatment. 

Case  39. — Geoi^  W ,  a  shoemaker,  aged  +)■,  t 

nndcr  my  care  at  the  Infirmary  for  Epilepsy  and  Paral 
on  April  25,  ISCC.  Ho  had  for  the  last  ten  weeks  suff 
from  paralysis  of  the  portio  dura,  which  he  ascribei 
having  got  wet  through,  and  been  exposed  to  a  cold  drai 
iu  a  doorway.  He  was  unable  to  close  his  eye,  to  laogl 
to  whistle,  and  could  not  pronounce  the  letter  'f 
right  iioMtril  was  '  shut  up,'  and  ho  had  great  difficult 
masticating  his  food  at  the  right  side.  He  alco  compla 
of  headache,  and  occasional  attacks  of  vertigo ;  but 
otherwise  in  good  health.  Faradisation  produced  no 
traction  in  the  muscles  of  tlic  face,  while  the  contin 
current  caused  contractions  both  on  closing  and  ope 
the  circuit.  A  continuous  current  of  twenty  cells  was 
applied  regularly  twice  a  week,  and  after  six  weeks  of 
treatment  the  patient  was  quite  well. 
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IS.  Paraly$i»  of  the  Vocal  CortU:  Aphonia  and 
D^ftpAonia. — Tlie  introductioii  of  tli«  lan-itgo«COpe 
^  into  )])»lica]  practice  has  greatly  fociUuted  tlie 
^f^iognoais  of  diseases  of  thf>  larynx ;  and  tluirefore 
\  the  treatment  of  theae  aCTectionB  is  now  more  easy, 
^■^ufe  and  suecMsfU  than  it  could  hare  been  before. 
V'WheK  loM  of  Toioe  is  due  to  preiutare  by  itu  in- 
t«rttiU  onounem  or  cancer  on  the  rocunvnt  nerro, 
no  good  can  be  done  by  electricity  applied  to  the 
larynx ;  wliore  it  in  owing  to  inflammation,  aloera- 
tion,  or  morbid  g^wtlia  in  the  throat,  a  special  local 
treatment  by  caustics,  nstriiigenta,  tho  ^erattur^  etc., 
togetlier  with  constitutional  remedies,  has  to  be 
resorted  to ;  but  whcro  thi_>  aBuction  iiriitfit  frotti  mere 
^^iosa  of  power  in  the  moscles  connected  with  the 
^fvocal  cords,  faradiMatioa  of  the  akin  of  the  laryux, 
I  or  of  the  suffering  mascles,  is  the  best  treatment, 
i  Such  loss  of  i">wer  is  frequent  in  hyuterioiJ  triria, 
Ij  but  it  also  occurs  aft«r  acute  dim^o^ics,  suclt  u«  typhoid 
I  fvFOT  and  diphtlieria,  after  ague  and  rhcunuUism,  in 
poisoning  by  onouc  and  lead,  in  anwmia,  from 
taking  cold,  through  or«r-cx«rtion  of  tho  Toico,  or  a 
powerful  iuiprt-SBiou  upon  the  nerroaa  centres,  snch 
as  t«n-or,  fright,  et«.  In  such  cases  the  voice  not 
uufrequently  comes  back  after  a  time  without  any 
icnt  having  been  resorted  to;  bnt  then)  are 
instances  iii  which  it  dot.-s  not  rvtuni  for 
yearft,  and  all  treatment  is  unvuocvsaful,  excvpt  thA 
electric. 
The  first  caae  of  fiuictional  aphonia  tieated  bj 
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galTanism  has  been  recorded  by  Dr.  Grapengles 
of  Berlin,  who  applied  the  carreBt  of  a  single 
Tanic  pair  to  the  throat  of  a  girl  who  had  lost 
voice  for  several  years.  He  first  vesicated  each 
of  the  larynx  by  blisters  of  the  size  of  a  shilling, 
then  applied  the  zinc  pole  to  one  of  tho  excori 
spots,  and  the  aOver  pole  to  the  other.  The  ci 
was  kept  up  for  a  quarter  of  an  hour,  daring  w 
time  the  larynx  heaved  convulsively,  and  a  | 
qaantity  of  seroos  liquid  flowed  from  the  a 
The  sobbing  continned  after  the  metals  had 
removed,  mach  mucus  was  expectorated,  and 
liouiB  afterwards  the  voice  was  much  more  aut 
and  clear.  After  this  process  had  been  repe 
several  times,  the  voice  was  perfectly  restored, 
months  afterwards,  however,  it  was  suddenly 
again  in  consequence  of  a  cold,  and  it  did  not  a 
return,  although  the  same  process  of  galvanise 
was  rejwated. 

Since  then  all  the  different  forms  of   eleetr 
have  been  frequently  used  in  the  treatment  of  t 
tional  aphonia,  and  the  results  of  the  treatment 
on  the  whole  been  very  satisfactory. 

An  eaey  and  successful  method  of  applying 
Iricity  in  these  cases  is  faradisation  of  the  ski 
the  larynx  by  fine  wire-brushes.     I  have  on  Be' 
occasions  restored  the  voice  by  one  such  applica 
The  current  used  must  be  of  high  tension.     1 

*  Vcnuciie  den  GalTaniamuB  zur  Beilang  ebiger  Knnkheitcn 
wenden.    Bdllin,  ISOI. 
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are,  however,  cases  in  which  thii  metiiod  produces 
no  eSM't,  und  ia  these,  iiitomal  fondisation  o(  the 
glottia  ehoold  be  reaorted  to,  Thiii  method,  which 
has  been  described  ou  p.  385,  has  yicldcil  cxooUeDt 
rciiiiltv.  chiefly  in  tlie  hands  of  Dr.  MorcU  Muckenzio 
und  PrufcHHor  ZienisHi-'U  of  Erlungcn. 

I>r.  Mackentie  *  eubdivides  paralyais  of  the  vocal 
cords  into  bilateral  and  tutilateral  paralvBis  of  tlie 
adductor  miuclev,  hilateml  paralysis  of  the  abdnctors, 
unilatci-al  pamlysli  of  one  abductor,  and  panilyKis 
of  the  tcuAon  and  of  the  iHXors.  Bilateral  iwrulysis 
of  the  a(tJvfti>r$  of  the  vocal  cords  prevouls  approxi- 
mation of  the  cords  on  attempted  pboiiation,  and 
coii»eijuently  gives  rise  to  lofts  of  voice.  Out  of  more 
tlian  200  com*  of  this  affection  which  have  l>eeu 
under  Dr.  Mackenzie's  care,  direct  furadiBation  of  the 
glottis  has  failed  only  in  four,  so  that  the  proceediug 
seems  to  be  almost  a  specific  for  the  complaint. 
I7nt^li!rri{  piirnlysis  of  the  adductors  prevciit«  the 
approach  of  one  vocal  cord  to  the  modioti  line,  nud 
gives  rise  to  hoarseness  or  loss  of  voice.  Tliis  is 
more  difficult  to  cure,  but  also  yields  occasionally  to 
faradisatioa.  In  paralysis  of  tJio  tmuon  of  the  vocal 
cords,  these  are  not  proi><;rly  stretched ;  the  voice  is 
lost  or  muffled,  the  hi)rlicr  noti-s  more  or  Icaa  sup- 
pressed, and  vocalisation  is  attended  with  a  sense  of 
fiitigne  or  pain.  In  paralysis  of  the  Uuton  of  the 
vocal  cords,  the  formation  of  the  lower  D0te«  is 

*  HoMMMM.  Ion  of  nua,  aad  aUidulos*  tvMthing,  in  ttliUon  to 
narfo^aiiHalBr  aflKtiaiw  of  tbe  \arjvs.    Lonlo*,  1808. 
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interffTcd  with,  atw]  the  pitch  of  the  nice  is  taued. 
Both  bL-niioni  und  hixon  maj  be  beoefictollj  mflfeeted 
b;  Cuudisation,  while  in  pwnljau  of  the  tthdoctofi 
electricitj'  does  no  good.  Tb«  following  cue*  nyijr 
■erre  to  iUiistrate  these  different  conditions : — 

Cask  40. — BUaU^ral  Pamiy»it  of  the  AAd»ulon  of  I 
Vocal  Cards. 

In  VMy,  186S,  I  tivut«l  iw  intcnKting  aiM  of  llijm  Had, 
togeUwr  will)  Pmfeasor  CnrniAV.  of  Pngae^  who  had  jtiM 
tbeo  intiodnoctl  the  sm  uf  Ute  LujngOMop*  into  Una 
OQnntrj:.  It  was  the  c*w  of  b  female  patient,  agml  80^ 
who  Iiad  lost  her  voice  two  months  befoni,  in  cODseqnanot 
of  ■  gnni  emotioii.  An  enuninauon  of  ber  thnml  vbomd 
that  llic  addactors  of  both  vocal  cords  Hf>r«  f<errf<ctlj 
motionlcNs  and  pnraljtvd.  Pnndisation  of  tho  p>kiii  of  lbs 
laiynx  ntw  retiurted  to,  and  after  two  anch  applications, 
the  patiiml  ooald  spenk  again,  aJtbooffh  still  in  »  lioarae 
tone  onljr.  It  n-ns  tbm  divcorvrvd,  by  another  mamina- 
tidii  with  the  laiyn^^oscope,  thM  tlie  rijiht  voenl  cord  hai^ 
to  a  grvat  extent,  rocorvred  ita  motion,  but  iJivro  wm  as 
jel  no  improvement  in  the  leA.  By  nirtlier  treatinenl,  tb* 
left  oord  was  alio  brought  b^ok  to  il«  normal  condttko, 
and  Ibo  voice  entirvlj^  restored. 

Cuo  of  unilateral  pnraljHs  of  tho  ftdducton : — 

0.  E.,  af!«(l  Id,  aune  nndor  Dr.  Mackenu'e's  care  in 
Jnnc,  1R6A.  R«  had  at  Ibn  eml  of  Jnlj,  1004,  soflbrad 
fnitn  a  severe  attack  of  diphthoria,  and  on  rxovftiog  fram 
tlic  aicatv  Htagr,  hiul  cxp^^rinnoed  givat  lUfficnliv  ill  HwulUtw. 
ing,  and  losa  of  voiw.  Tho  power  of  swallowing  waa  now, 
(o  a  groat  extcol,  recororod.  though  he  still  had  oocasional 
attacka  of  cougliing  from  '  thing*  goin^  the  wrong  way ' 
whilst  bo  was  taking  his  meals.     This  was  wpwriaPy  apt 
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to  occur  in  drialdn^.  He  bad  bwD  takinff  iron,  quiuin«, 
and  slrj'chtun,  and  for  tax  wcdn  dBotrinCy  hail  licva  diiily 
ap|>tti:d  lo  liiv  tlmal  «xt«raimy.  Tlio  voice,  however.  Lad 
not  at  rU  improved.  A  InrpigMoopio  examination  showed 
tiligEit  piintlyxi*  of  tlw  adduotors  of  the  rij^lil  vocal  cord. 
Dr.  MaclEonaie  applii^'I  fariuliaation  of  tli»  afTpctccl  nimwle 
duilj,  from  AugnM  10  till  September  10.  By  that  time  tho 
pntieut  wnaablo  to  sound  hjaroieo,  tbongh  ho  osnally  Bpoke 
in  a  vrbiiqier.  Ten  dayii  later  the  tcvnd  of  the  voice  was 
tho  rule  rallier  than  tho  exception,  and  by  the  middle 
of  Ootobrr  the  pntuint  wa*  ablti  to  Bpeak  in  a  iitrang,  door 
voice,  which  to  Alrangori)  appuarod  poriiMtly  natural, 
although  he  ibonght  Uiat '  it  tounded  dlOcrently  to  wliat 
it  had  done  before  his  ilinees.'  Tba  action  of  the  right 
cord  now  appeared  perfectly  nomaaL 

Case  of  paralrsis  of  tho  tensors  of  the  vocal 
cord* : — 

Q.  S.,  aged  10,  niffering  fhim  low  of  voice,  but  otbor- 
wiso  bmltliy,  wa«  awn  by  I)r.  MwclLORcie  in  Angwit,  1868. 
In  March  of  lliat  year  the  child  hod  been  tuRuring  from  an 
attack  of  bronchitiii,  in  which  the  nervoas  Rymptoma 
prodomLnnted,  and  on  rvcovory  it  wao  uoticeil  that  ahe  bud 
lost  IwT  voice.  VanouH  Uuuat  were  tni-d  in  min,  and 
change  of  air  to  Bri^'hton  likewise  failed  to  restore  the 
vme».  Dr.  Mackvneio  applied  clcetiicily  to  tho  vocal 
ootda,  and  the  voice  waa  at  once  perfectly  reatorod. 


Case  of  pttnJysis  of  tho  laxors  of  tiio  right  vocal 
cord: — 

]Ua<hunD  C,  aged  H,  a  profeanonal  dinger,  oonitnlted 
Dr.  Macki'DBie  in  May,  1S65,  on  aooount  of  a  difficulty  nbn 
bad  experienced  dnring  the  taut  yt*r  in  forming  her  lower 
nott^H.  Ucr  voice  in  the  ortlinury  way  oxKmdcd  tram 
a  below  the  lines  todabovo  the  linea.    Ayearagoahe  fint 
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«jperienc©d  a  Blight  difficulty  in  forming  the  lower  a,  ant 
January  ehe  could  not  reach  beyond  b.  During  the  1 
two  months  she  had  not  been  able  to  sing  at  aU,  even 
private,  but  broke  down  directly  she  attempted  even  a  I 
notes.  She  attributed  this  loss  of  power  to  a  strain, 
she  had  first  noticed  a  difficnlty  after  the  performance  o 
long  and  trying  cantata,  which  had  been  twice  encored. 
the  time  she  had  osperienced  a  stinging  sensation,  extend 
from  the  right  side  of  the  throat  towards  the  ear.  She  3 
been  constantly  nnder  treatment  since  her  voice  t 
became  affected.  The  only  thing  which  had  seemed  to 
her  good  was  a  solntion  of  caastic  applied  to  the  tht 
with  a  piece  of  sponge.  But  although  this  gave  her  ti 
porary  rehef,  there  was  no  permanent  improvetoent. 
making  a  laiyngoscopic  esamination,  the  parallel 
between  the  vocal  cords  was  seen  to  be  lost,  the  right  c 
cnrving  away  in  the  centre  &am  the  median  line. 
Mackenzie  now  resorted  to  faradisation  of  the  right  ti 
cord.  At  the  end  of  six  weeks  there  did  not  appear  to 
any  improvement,  but  a  fortnight  later  the  patient  ■ 
decidedly  better.  In  order  to  test  the  voice)  she  was  i 
allowed  to  sing  a  few  notes  once  a  week,  but  at  no  ot 
time.  At  the  end  of  three  months  the  voice  was  m 
improved,  and  in  the  following  autumn  it  had  so 
recovered  that  the  lady  was  able  to  accept  an  cngagen 
in  Madrid. 

14.  Difficulty  of  Deglutition. — ^Where  difficulty 
swallowing  is  due  to  paralysis  or  spasm  of 
pharj-nx  or  tesophagus,  faradisation  and  galvanisat 
are  the  best,  and  iu  many  instances,  the  only  me 
by  which  we  can  hope  to  cure  this  most  troubleac 
and  annoying  affection. 

Case   41. — Major   I.,  aged  42,  consulted  mo    in    i 
tembcr,  1862,  for  loss  of  voice  and  difficulty  of  deglutit 
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brDU(;1itonbjr  HDapopIcctii'  attack  wliii^liliB  hiulli&JitilSSS, 
and  which  affaclcd  tlio  nntiru  Utft  siil*  of  thu  body,  far  sovc 
ral  moiitlis  aIW  tkU  he  liad  been  in  audi  a  oooditiou  that 
bin  Itf<-  w«e  deajmirod  of.  ££•  gisduiilly,  luiwovor,  gi>t  U-t.tcr, 
aiid  [lurlioUy  Kcoverad  the  use  of  liin  iirm  and  Ii-g,  whilu 
the  voice  Mid  doglntition  did  not  improve.  Tbo  latlvr 
ajniptom  even  becanib  wonte  as  timo  went  on,  there  being 
oonstont  rvgur^tatian,  especially  of  flnid«.  whirh  distnaud 
the  palicrut  more  than  anything  oIhc.  Aflt^r  a  fortcifrht'ii 
Jifialioii  tbo  voti»  was  so  math  improved  that  he  ntald 
PTCTM)  vriib  euHt,  whilo  the  puwt-r  of  Airallowiii^  bad  not 
.  relurued.  I  then  applied  a  cantinoous  cuiTfiit  to  tbo 
pbai7iif(4-u]  and  awopbagcal  ner^'cB,  with  tb«  r«tin]t  that, 
after  tbo  Boronil  operation,  a  nuirked  improroroont  wan 
perceptible ;  and  lu  a  week  the  palit-itt  wan  able  to  awullow 
quite  eosil}-,  withent  any  regurjplatioa  taking  phicn. 

Cask  42. — A  (pmUemaD,  a^  34,  bad  ague  while 
travelling  in  Tniwany,  in  •iimmcr.  18f>2.  Kver  Kinoe  that 
time  he  bud  felt  dilGenltjr  lu  retaining  bis  food,  which 
gvnvraltj  retnraed  in  from  Btd  to  ten  minotea.  As  lime 
went  on,  the  interval  belwevn  takinf;  aud  niartuug  the 
food  incrva«(><l,  whieb  wu  probably  diie  to  that  itortion  of 
the  oeaophagua  which  wan  jiut  above  the  seat  of  the  pars' 
IfaJa  having  boconie  dihitt'd,  and  forming  a  pooch  whiuh 
would  contain  aa  inneb  aa  lialf  a  pint  of  beef  tea,  and 
ivlaiit  it  for  twenty  miuateii  or  half  an  honr;  after  wfaii4) 
the  KTvalur  part  of  it  would  be  unddenly  retnroed  through 
the  mouth  and  the  Boetnb.  I'he  only  way  in  whieb  tbii 
pativnt  Huceceded  in  obtaining  tbo  paaaoge  of  food  into  the 
Btotoaeh  was  by  eating  very  small  qnantittoa  of  food  frc< 
ijiiently.  Thcve  waa  no  stnetnre,  a«  a  prohuog  Intredoeod 
into  the  (saopliagiui  did  not  eneonnter  any  rcsiiitancv.  Tbe 
patient  had  already  taken  iron,  quinine,  Btrychuia,  eo<l 
^^  Urer  oil,  nud  many  other  remedies  withunt  benefit,  and  hu 

^^P  bad  become  very  mnch  eraiaauted  and  rwlneed  in  atrengtli. 

^^  I  applied  bradisatioD  by  means  of  aa  iivDbted  condoctor, 
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in  the  tana  of  ft  probang,  three  times  ft  week,  and  pn 
scribed  o1.  moTrh.  ftnd  liquor  ftrsenicalis.  Within  ftmont 
from  beginning  this  treatment,  the  patient  had  recorere 
the  bctdty  of  oesc^bogeal  deglutition,  and  bad  gained  nearl 
a  stone  in  body-weight.  He  continned  the  constitntiom 
remedies  for  fcTKithm-  month,  after  which  ha  was  qnite  wvl 

H.  Hifielslieiia  *  1ia«  recorded  the  case  of  a  mai 
aged  twent  j-Biz,  ir  bo  hadsnffered  &om  acne,  whic 
was  cured  bj  aiBenic,  bat  who  bad  otherwise  been  i 
good  health.  He  bad  aach  difficoitj  in  retaining  bJ 
food,  that  most  of  what  he  took  was  retomed  as  soo 
as  it  came  into  the  pharynx,  the  liquids  being  n 
jected  throngh  the  nrae.  In  this  case  the  continaon 
current  was  applied  to  the  pnenmogastric  nerrt 
After  three  applications,  the  patient  coold  eat  Bom 
roast  meat  and  retain  it;  after  fire  more  he  wa 
quite  well. 

UL    SP.iSMODIC  DISEASES. 

Spasmodic  diseases  are  on  the  whole  less  amenabl 
to  electricity  than  paralytic  affections;  yet  in  certai 
kinds  of  spasm,  electricity  Inlly  deserrea  a  trial  whe 
other  remedies  have  failed.  It  appears  probable  tha 
onr  methods  of  applying  electricity  in  spaamodi 
affections  arc  still  defective,  and  that  with  an  improve 
method  better  reaulte  would  be  obtained  than  ia  noi 
generally  the  case.  The  methods  principally  employe 
at  the  present  time  are  faradisation  of  the  skin,  an 
g^vonisation  of  the  affected  nerves.     Static  elec 

•  Atmalsa  d'&l«ctriciU  mMicale.     1862. 
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trieitj  was  formerly  much  nnployed  In  these  cases, 
and  seems  to  act  much  in  ttio  same  manner  ns  fam* 
disatJOu  of  the  skin.  An  rogurds  ^Ivanisation,  I  am 
ioclmed  to  think  that  a  longer  application  thui  is 
gencmUj  resorted  to  for  the  treatment  of  paralysis 
is  iiec«ssuy  for  the  cure  of  spa«ma. 

1.  C%4»-«a.>-This  affection,  which  is  generally 
brought  on  by  terror,  fright,  rheumatism,  or  in- 
testinal demngfiment,  is  fra-quontly  seen  to  disappear 
tinder  the  influence  of  cold  affusions  to  the  spine, 
Bt(7chnil^  carbonate  of  iron,  einc,  arsenic,  Ac,  or 
even  withoat  any  treatment.  I^baume,  FWbrd- 
Polnpnit,  and  Drs.  Addison,  Oolding  Bird,  and 
Gull  have  treated  cases  of  chorea  by  static  electricity, 
and  hare  be«n  well  satisfied  with  the  result.  Dr. 
Bird  has  reiwrted  ihiriy-seren  casn,  thirty  of  which 
were  completely  cured,  fire  relioved,  one  refused  to 
contUiue  tlic  tniitnicnt,  and  only  one  was  not  cured. 
Ue  applied  static  vU'ctricity  in  the  way  described  above 
(p.  28!)))  and  affirms  that  the  rapidity  with  which  the 
patients  were  reheved  was  nearly  pi-oportionste  to 
the  facility  with  which  the  peculiar  papular  eruption 
on  the  skin  t<M>k  phice.  Dr.  tiull,  wliosv  experience 
agrees  with  that  of  Dr.  Bird,  believes  tliat  the  benefit 
is  the  result  of  a  direct  stimulatioQ  of  tlie  blood- 
vessels of  tliu  nerrous  centres,  prodncing  a  more 
tonic  and  Tigoroua  circulation  in  them. 

Famliiiatjua  of  the  skin  and  of  the  suffering 
muscles  is  likewise  often  beni.-UrisI  Ln  cborcft.  Chil- 
dren bear  this  operation  remarkably  well,  as  it  is 
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not  necessaiy  to  employ  a  strong  cnrrent,  a 
application  being  safficient  for  most  cases. 

Benedict  haa  recommended  to  apply  an  ii 
current  to  the  spine,  for  a  minnte  or  a  minate 
half  continnattTclj',  while  Meyer  recommend 
intermittent  application  of  the  coirent  to  th< 
fering  limbs.  In  the  practice  of  the  Infirma 
Epilepsy  and  Pamlysis,  where  oases  of  chorea 
freqaently,  I  generally  nse  galranisarion  and 
disation  of  the  limb  alternately,  together  with 
nastic  morementa,  whereby  most  cases  recorei 
short  time. 

2.  Scrivener's  PaUy :  Sehreihekrampf.  — 
troublesome  aSection  may  be  caused  by  emotio 
aniiety,  rheumatism,  over-eiertion  of  the  hani 
by  neuritis  of  the  radial  or  ulnar  nerves.  In 
cases  of  scritener'a  palsy  reflectory  spasms  i 
as  the  fingers,  and  especially  the  thumb,  are  str 
flexed  into  the  palm  of  the  hand  wheiievf 
patient  takes  up  a  pen ;  in  other  cases  theri- 
semi-paralytic  condition  of  the  extensors  d 
tlnimb  and  forefinger.  Mr.  Solly  *  has  rendt-i 
probable  tbat  the  origin  of  the  affection  is  nn-t 
but  that  it  is  due  to  incipient  granular  disini 
tion  of  the  'vesicular  neurine  '  of  the  upper  |n 
of  the  spinal  cord,  and  that  entire  rest  from  tl 
cupation  which  has  produced  the  disease  is  th 
trfutuKint.     "While   doing   full  justice   to   the 
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reasoning  of  Mr.  SoUr,  I  must  s&y  that  the  expert* 

ence  coucerniiig  the  beneficial  eir<.'ct8   of  galtiuiism 

tu  this  (liit««so  is  now  sulTicietitly  large  to  justify 

us   in  advising  a  ga]\-anic  treittinvnt,  cspoclallj  in 

Dse  GMea  whoro  complete  rest   and  change  t^ 

'sotfno  appenr  unpnicticable. 

^-    The   mude   of  applj-ing   electricity    ahonld    totj* 

^ftccording   to  the    nuturc   of    the    indiridaal   case. 

^nVhere  there  ia  loss  of  tJte  power  in  the  masclea, 

foradisation ;  hot  vthen;  fipasm  ia  a  prominent  xym- 

ptom,  galvanisation  appears  preferable.     In  order  to 

illustrate  the  treatment,  I  subjoin  two  of  Meyer's* 

caMs:— 


ii' 


k 


A  pnvAtB  ncnrfaiy,  »ff>A  27,  pctrccivcci  right  or  nino 
nUui  befora  be  caine  under  traatnient,  a  •orl  of  pnckiog 
aiid  cuntnelioii  tii  the  wri^,  iind  nliioh  eJHuiuUxl  b>  tbo 
fiogww,  espcciullv  lhi>  thumb  iinil  forvfingiT.  Thp  ihnmb 
WM  flexed,  aud  adductdd  to  tlio  index  as  eooii  oa  the 
pntiriit  be)^in  lo  write.  On  vxaraiDation  it  waa  fonnd  tliat 
tlM-r«  was  loM  of  ponrvr  in  th«  atxlnclor  pollioia  brovia  and 
vxtcownvii  palticis  longav  and  bivria.  FaradiMition  of  thwu 
diumcIm  wan  now  iierTonucd,  and  flro  weeks  aAcr  lli«  ciim- 
DMinocnMint  nf  tliis  Ircatmciit  lli«  paticol  could  write  with 
onM  for  foortMn  bonm  mccMaivoly. 


Another  jmlieDt  of  Mvycr'N,  Ultowin  a  primtc  aenttlary, 
aged  4H,  hiwl  for  twelve  moitllu  Enflvrtn]  from  Kpamn  in  the 
nmb  ani]  forefinger,  which  tiglitly  gruApod  ihn  pen  lut 
n»  any  attempt  at  writiiif;  was  made;  al  the  samo 
the  writt  wa*  Kpawnodivally  floxed  towards  iho  friro- 
and  inriMN]  outwaids,  en  rliat  wnlintt  woa  <|uit«  iin- 
possiblCk     Ueynr  diMOrcnil  a  painfal  awclting  in  thoooorae 

•  iM-elt-p-Ma. 


612  KLGCTRO-TIIERAPEUnCS.  {csjir.  i 

of  the  mdial  iwrve  imiu«iUitlely  ehme  tl»c  clbow-juint. 
Tbe  coutiuuoaa  current  waa  used  aiztj-Svc  timea,  kftcr 
which  the  patient  w&m  quite  weU. 

8.  Bpatmcdic  Wry-w^ei :  TorticfAlu,  Cajmt 
piijn. — Tliis  affectjon  oiKtm  mostly  in  adtilts,  aad 
cut  thert'foru  scarcely  bo  considered  tut  n  form  of 
chorea.  It  consists  of  a  convulsire  affoction  of  the 
itpiiml  accessory  nerre  of  one  side,  nbei-eby  the 
al^rno-cleido- mastoid  ajid  tbe  trapezioa  muscles  are 
tbruwu  into  commotion.  Electricity  of  high  teiiuon 
OS  a  count^r-irritaut,  a.ud  induction  currents  nivthodi- 
cally  applied  to  tbe  antagonists  of  the  siiBcring 
muscles,  have  effected  amelioration  or  cure ;  but  aa 
the  current  must  bo  ver>'  powerful  if  it  is  to  do  good, 
the  continuous  current  npiiciirs  preferul>le,  its  appli- 
cation being  for  lutis  unplL-iuant. 

Ca8B  4S. — Wry-n«ck  and  Dyammorrhcta. 

Tn  Kavcmber  \H-i9,  T  was  conenlUrd  hj  m  Indy,  agnd  3^ 
who  had  for  a)>out  eif!ht«eu  niouthii  nuflvrud  fWm  0|ia]iiuo> 
die  oontmctions  of  the  left.  trMponoii  ^nd  dviilo-inutoM 
nosoloB.  The  Grst  aymptoma  had  come  on  after  a  >iol0ot 
ffmotion,  oia»cd  by  witnewing  an  acddvnt  in  tha  stroeL 
At  first  the  cuutructioaa  were  alight,  uod  ouly  occurmd  if 
the  patiout  WM  oxcJtod,  or  suddenly  Kpokcn  (»;  but  the 
afleutiuii  ^n^ually  became  more  troab1c«onie.  WIm'u  idie 
cnn'ii-i]  »  fork,  a  Kpoon,  or  a  cop  to  the  mouth,  the  h»d  at 
Oaei^  tui-Di'd  away  ;  at  the  KUme  lime  u  feeling  of  DniiibiMM8a 
Btillnt;i»«  Mid  fatJ^o  wiu  ohHervi>d  in  Uie  It-tl  side  of  tJw 
neck ;  hut  there  vmt  no  )nuii,  uulem  tlie  rontiaotiona  iron 
uuUHually  viuUmt.  She  n-no  nt  first  Ironted  by  blisleia  to 
ueok,  aud  purgativeii,  but  without  any  avail    At  a 
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later  period  of  bcr  illncw,  Hbo  oon8nlt<<(l  Dr.  Todi],  who 
prescribed  ToWiaiiAte  of  sine,  wUii-Ii  shu  tliouftbt  bad  done 
her  anme  good  ;  but  bn,  nftvr  bai-ing  tiikcn  it  rcgnliLrlj-  for 
two  Diouilis,  ikhe  wu  sUll «  uven  aufierer  from  ber  ooiv 
pluiot,  b}-  tbo  ■dvioo  of  Dr.  Todd  tHia  eomo  to  me  for 
hmdUatioD.  On  examining  Uie  nnudes  of  Uie  ueok,  I 
^^bm^  the  Uft  tnpoziiia  And  clridn-nuurtoid  eomowbat  rigid. 
^^Dlie  oofratpondin^  moMlea  of  tbe  rigbt  nde  were  not 
^Hynatod,  but  nn  njiplj-ing  tW  InnuJic  corrrnts  to  tlio  two 
^KMita,  ibv  excitability  of  the  librca  appeared  f^ater  on  ibo 
leftthnoon  the  right  rido;  nod  the  nviiMitiuii  cxdted  bj* 
tbo  application  of  tbl^  oonvnt  was  sIm)  more  couoiderable 
on  tho  luft  Nidu.  Wbilv  I  WM  ox&mining  tlio  mnacie*, 
Tiolent  BpBSBiB  ocourrvd  ;  tbe  be*d  wna  convulsitelj  thrown 
towards  tho  tcft  nde,  and  all  Iho  pntii'iit'it  cndc-avonn  to 
keep  it  itroigbt  w«rc  of  do  avail ;  but  bjr  faradutution  of 
the  aatsgonistic  niD.si.'1ee,  I  aacceedcd  in  rMtoring  iho 
babmoo  botwccn  tlic  two  cctn,  nod  calming  the  npniunit.  I 
afterwards  nitod  famdiiatiou  of  tho  skiii,  which  1  had 
prerionidT  foanil  to  be  at  benefit  in  bj^stcricat  conviiiaioiis. 
The  iulliit^iice  of  emotion  in  neiliiig  tliA  spasms  was  nuittt 
RtrikiDg  in  this  cnso.  Tbc  patient  suffered  far  lew*  when 
Blie  wiu  alone,  and  if  tbo  room  vraa  darkened;  but  if  bIm 
thought  bemelf  obwrn-d  and  the  objwt  of  wondrr  or  pity, 
she  bcciimo  much  wone.  She  h«J.  tlwrvforo,  almost 
retired  fnnn  society,  aud  was  only  with  dtflU'iiIly  Indnood 
to  leave  her  roona^  from  which  slic  used  to  nbut  out  the 
light.  As  Ntiiiff  was  tronbloaamc,  she  took  n*  little  food  as 
possiUe,  nod,  in  cotii<«|uciioc  of  this,  and  the  niclancltolin 
turn  of  mind  enused  by  her  afleotiun,  bor  genonl  health  had 
booome  iiD{)iured,  nml  the  catamenia  wen:  ray  (tuanty. 
^K^lftradisatioD  was  continued  for  (bra  day*,  when  tha 
^VoatUMDin  appMnd  Iwfoiv  the  liini*-,  and  nnnsaatly  abnad- 
aat,  so  tint  the  trvatmMtt  had  to  bo  disL-ontinaed  for  a 
week.  After  tbnl  it  itan  rccotiunencvd,  nud  llu>  puiivnl 
prsilually  improved,  so  that  slier  a  month's  Ireatmeol  the 
•puma  appaared  to  be  completely  mbdued.    Tho  guncnd 
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IimIUi  npidi;  improved  in  conseqnenoe  of  the  uliuigad 
modo  of  lili:  now  adoptod  bjr  tbc  paticct,  and  Uia  laUaiasell 
•^u  bocame  normiiL 

Ci»  44.~In  Majr,  1861)  I  was  eotunltcd  hy  a  lirptrrr 
from  Huii|Hhir«,  agml  40,  «  strong  b«ftlU>;  man,  who.  witli 
the  eicvpUon  of  wlnt  he  dewribed  oa  bOiona  bend-ocbe^ 
from  which  bo  doit  nod  then  soSbnd,  had  nover  bc«n  SI 
bofon  ttio  pnEWDt  aflVction  ouiic  on.  In  Pa'braaiy  bist,  he 
fint  nolicoil  that  liiu  IimhI  vta^  inclined  to  ^  towurda  the 
loft  aide.  ]1«  WM  oiuiblc  to  assign  any  exact  caoso  for  the 
eumphiiiit,  but  meutioned  that  aone  tine  befuro,  nhilo 
ilnving,  hif  hnrm;  fdll  and  broke  liis  neck,  which  gave  bin) 
u  givat  nhijck.  Hi;  bad  aLw  had  mncli  anziut,v  I»lr1jr,  nul 
Iwdslept  oo  a  dninp  coach  ahortly  before  bving  altaL-kudfaj 
the  KpainniL  The  latter  atTeoted  the  lufl  Kidc  of  ]d«  DMk, 
nnd  g^mdualljr  became  so  much  woise  that  be  vcae  cnnetaalljr 
ohligtrd  to  hold  bin  lioiul  iti  the  right  poation  with  the  left 
liBJid,  ao  lliat  the  lalter  hccamo  in  a  mearare  uHdeMt.  H* 
waa  no  longer  able  to  dr«n  himwlf.  Hia  food  bad  to  he 
oat  for  lu'm,  oa  he  cottld  not  hold  the  knife  and  fork.  He 
waa  also  dinlnrbed  at  nigbt ;  for  if  be  atlomptod  to  sleep  on 
the  nitte  aa  lie  had  been  accuirt(>mi-d  to  do,  hia  head  be^^ 
to  aboke,  so  that  he  was  obliged  to  lie  straight  on  hJa 
hack.  Ho  Dould  then  aleep  well,  and  generally  fi-lt  tnttir  in 
tlie  monunFT  than  at  other  times  of  the  day.  The  traat 
meat  at  home  cniiMHtod  of  hiudnuam,  caJomel,  bttatw^ 
leeches,  ajid  ouppiiig;  hut  it  bad  no  beoefioial  eBbet 
whatever.  Hv  then  come  up  to  town  to  cODiralt  Dr. 
Idchtenberg,  who  prescribed  a  venttrine  ointment  to  ba 
applied  to  the  nnpo  of  the  nnck,  aiul  sent  htm  to  mo,  thai 
the  HuffL'riiiK  pai't  might  be  sahjectod  to  faradisatiou.  On 
examining  the  nock,  the  left  tnipcxius  and  elri<Iu-maatoid 
were  found  more  alrongljr  developud  tli&u  the  corrvspondiaK 
mosdosof  the  right  side,  which  were  noft  and  llabhy.  AAor 
the  8nt  operation,  the  patient  felt  easier,  and  could  hoM 
hi»  h«ad  atraight  for  a  abort  time  withuut  being  obliged  te 
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support  it  vnth  Uw  hAad.  Tlw  inipmrcniont  wiu  mi  npid 
that,  aflur  a  Teir  otbor  upplicaiiuns,  tLo  iistiviii  could  feud 
Mul  droM  liimitclf  williont  oul,  Ro  coold  again  eloop  on 
tlie  side,  without  beiu^  dixlurl'ed  hy  thaking  of  tlie  head. 
I  W(u  thrrefors  boprful  of  »  euro ;  biit  the  pulirnt,  Wing 
nnxioiu  khnat  Lin  btiMiitviK,  felt  no  uuhnppy  in  London, 
that  he  1c4t  tonii  Iwfora  Ite  wan  qnile  cured,  afW  hariBg 
stitj^cd  lioTu  I<uw  tlinn  n  ncok. 

Case  4u. — A  niamcd  liidy,  n^ed  SB,  who  had  had  uo 
cliildron,  coiurultcd  mo  in  Juno  1867,  for  k  s[ifwiTiodic  nflbo- 
tion  of  the  left  aide  of  tlio  neck,  f^m  which  Hhe  liad 
BttfioTDd  for  the  taut,  nix  ^via*.  Aa  a  child  slio  lutd  luul 
Su  VitUH'a  d&uce,  and  had  always  boen  in  dt>licj>te  IimIUi  ; 
her  mother  ww>  hjstsrioal,  and  one  of  lier  siBlcrs  bud  like- 
wise anflered  from  cborea.  Tlio  symploma  of  ivrj-.nnck 
ircru  vor}-  umilur  to  tbom  in  Cner  43,  with  the  cxooptjon, 
bowi'cr,  that  there  wan  nLxt  occaiaonnl  xpamu  in  the  loft 

^arm.  I  emplojed  ^vaniaation  of  the  leti  ajrmpallieU'viuid 
tlw  Nftinal  a4:cn>Kiry  ncn'c  tfaiVD  tinica  a  week  for  a  nioatli. 
The  head  waa  aliraja  pcrfectlj*  qni«t  during  tlie  appltcs- 
and  much  mom  utoulj:  for  tli«  niter  part  of  tlio  dajr, 
but  the  affoction  bwl  not  quit«  violdod  to  the  treaUnant 
wh«ii    IIh>    pulii-nl  wivt  uliti^>d  In  l<-av<>  lnwn.     Sha  had 

fwiotlier  cooreo  of  galranifim  in  July  1868,  and  Ibea  she  got 
quite  well. 

4.  Epiiepmi. — In  cortais  forms  of  epilepsy  whicli 
resist  other  modea  of  trea.tment,  the  conUnuoun 
gnlranic  current  maj  do  a  great  deal  of  good. 
Farad  iaiitiuii  18,  im  a  nitc,  itseless  in  tins  disiiue,  u 
it  \ui»  no  effect  on  tlie  uervou«  oc^ntrea ;  indeed,  the 
only  cam.'tt  ut  epilepsy  in  wliicb  it  bu  crer  Imkcii  of 
aerrioc,  have  been  those  where  tlie  menrttraal  func- 
tion wua  donnniil  or  irregular,  and  when?  it  proved 
TaluaUv  OB  an   cmmuiiogogue.     The   best  mode  of 
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kpplyitig  the  continooas  corrent  is  to  dtivct  the 
otootrodes  to  the  mastoid  processes,  the  oerrical 
sympathetic,  and  tliose  periphentl  uerre*  in  the 
doiiuu  a  of  wh  ich  lui  uuni  is  rci>eiitedly  or  occwtiotiaUj 
exporicQCod.  Where  the  aum  starts  fnm  a.  mttcoai 
membrane,  the  negatiro  cloctrode  should  be  applied 
to  it ;  but  whero  it  starts  from  the  epigastrinm,  th« 
positive  unswera  better. 

Case  46. — ttrrtffiUar  atlaeiu  of  Petit  Mai.     Oalvaniaa- 
Hon  of  both  Brnitphtret,  and  of  MfduUa  Obl<m^ata. 

John  F.,  Fivncli  puliMlicr,  ngvJ  36,  luamod,  udmitlcd  iu 
Uie  lullruiary  for  Epil^p^y  and  Pkralysis,  November  27, 
1066,  has  for  tho  hut  nix  yeant  taffvrctX  from  iirofpUftr 
ttttscin  of  petit  luul,  wlikli  cumii  on  m  tho  follomii|[ 
mftDuer : — Wliilp  lio  i»  at  work,  or  ftt  meolH,  auI  willwut 
luj  Apparent  cuunis  kc  nuddvidy  foflii  M'TLTe  pnin  ut  thi^ 
bock  of  tliD  hsnd,  and  n  lltrilling  wniuktioa  E<H:mii  to  go 
through  bim,  u  if  bo  irrro  going  to  die.  Soitielirais  it 
nppiim  Iu  hiiu  '  kh  if  it  vupnur  man  un  lii>  Imun  «ud  mndilli-d 
him-'  This  lusts  only  nbout  ■  socoiid,  and  he  ibeo  iiuile 
loMUi  hi«  coDKcinunnvH!!  for  ithunt  n  niinoto.  Wh!)c  ha  is  iii 
\luM  coudilioD,  iio  gcncrnll}'  does  HOiiielhiiif;  mtd  —  Tur 
insbuico,  bo  acmtchoii  the  pUla  with  the  kiiil«,  or  te«m  tip 
pnper  or  Iiis  clotlios  or  palls  a  hnnilkercliief  over  hi*  ImaJ, 
or,  if  in  the  ctreel,  putn  mud  on  hi*  clntheti,  Sic.  Wbmi  hA 
vomea  oat  of  these  attaeks,  he  feels  very  cotiniuNl,  and  mm 
double  for  two  or  thr«e  minntMi.  Wilhiti  nn  hour  or  two 
h«  bu  quite  recoveivrl  himwif.  Tlie^e  His  li«  htm  two  or  i 
tbrm  tiniM  n  week,  gencrallj  uiily  nnc  in  ono  daj,  nod  onljr 
very  nrely  two  or  three  snt-ce-isively.  Ho  ablrihutes  bis 
illoBM  to  11  prt'iit  (U'nl  iif  tnnihlc  nnd  anxiclj.  He  uiM>  had 
a  great  friithl  some  yeirtt  a|^,  wlien  he  wraN  ntroku  hy  nii 
alarm  of  the  hoaso  being  on  Gre.    Uo  has  never  dniuk  or 
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smoked  to  excess.  Hia  motlier  wu  fayvtericol,  uid  lii« 
Otther  died  of  conmunption.  Dtgasiion  biul  boon  ouL  of 
ordrr  IttU'ljr,  And  he  bad  lost  BeA.  Four  jvar*  iigo  ho  wu 
opented  upun  for  lictnla  in  ano.  Thorn  w»a  no  tubcTcle  in 
loaga,  bat  ^neral  emu<5iatM)a.  Ordered  ol.  morrb.  }  ss, 
bis  die,  and  ar^genli  nitr.  gr.  »*.  bia. 

January  &,  1807. — Kgestiun  improved ;  has  gsined 
lle«b;  took  moch  bettor;  liU  much  the  ttmei  Continue 
oL  iDorrh. ;  arigeut.  niu.  gr.  j  \m  die. 

Febntary  &. — Is  now  in  good  goniral  benltlt,  bnl  petit 
mal  no  better.  Oiaoontinne  ol.  morrfa.  and  argenL  nitr. ; 
o^Ivn^d  nad  salph.  gr.  \j  ter  die. 

ilitrth  19. — Zioo  hiM  gnulualljr  been  increoaod  to  gr.  xxx 
|rpr  diem,  bnt  has  bad  oo  effoot  except  to  confine  tbebowele. 
Continue  it  for  nnotJier  fiirtnigbt,  taking  pU.  coloc.  oo.  for 
ooDstipatJOD. 

Af/ril  2.— Potit  Dial  tbe  biiidd.  Ordeved  miaturs  anunn 
(coiiHistiiig  rif  L'slr.  (luiuta.  gr.  uj  to  tbe  oonce  of  water), 
IJ  baa,  aiul  galranimtion  of  both  bonu^bem  and  niodolla 
oblougatA  twiu.'  a  wook. 

Hay  7. — Since  galvanisation  was  oommenced  lias  had 
onljr  ouo  fit,  in  wluch  he  tore  his  waixtcoat.  R«pL  mi«t. 
amar.  and  gmlTanism. 

Oebthm-  IS. — Uaa  had  altogether  ftfteea  npplicntiona  of 
gatt«niani,  and  no  fit  dniiog  tbo  last  tour  oionths.  Ceuvd 
ntteodauoo. 


Cash  47. — ^i>iltpHe  FiU,  with  Ann  Parting  from 
Epu/asirittm.  Fnjti«nt  Aura  vrUAmtt  FiU.  Oal- 
vanimlioH  of  Ut«  Solar  PUaus. 

Harriet  8^  aged  S6,  unmarried,  wlmitted  in  the  Inliniuuy 
April  2^.  ll^.  Shu  is  an  vklMt  child,  and  works  at  a  sow* 
ing  uiaebiue.  She  had  an  annt  and  a  cousin  who  died  of 
fits.  When  aho  waa  a  child  of  about  four  ytmn,  thej  gave 
Lcr  n '  roundaboot '  at  a  fair,  afler  whk-h  ahe  was  first  taknu. 
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Wl*t  ttc  w*»  £fite=  tl*  £:»  becKrat  »««*.  Sw  »t«»  enh- 
TbtnarzaatA  u  «ieLiecx.  Kid  tbe  fits  i2ie£  bc^Ki  to  occvr 
tiatCj  kboa  tlie  iDcr^fT^al  pmrc^i,  sbfaaKzb  dw  ns  br  do 
Bumui  qchc  free  '  benrf«s  anw^.'  Sbe  laai  now  genet  aSr  • 
MTin  'yf  u  or  eizii  fiu  >bo«t  tlir  mce  of  tke  tMsmmemk, 
kul  two  or  tlii«e  r^  *^  on  b«t«eea.  Tie  fii  k  ifa«  sFal 
cjiiliepnc  ove.  wah  bnin^  «f  Umene.  and  eacmlaan  fcr 
mbciat  fire  minates.  It  u  ushered  in  br  aa  aoia  rmuiinc 
np  from  tfae  cpigatriBin  lo  the  head,  bctice'  s  nuBnte  or 
halt  m  miinite.  She  dcMcribes  it  aa  ■  son  of  cre^Kcg  or 
crawling,  winch  gTAdnallr  ptoceeds  opwards.  and  she  lo>«^ 
cnaaeif/oistam  when  the  erawttag  arrim  at  the  bcAd. 
Anrz  &E(]arat  wiifaont  a  fit — aometimeB  (oar  or  fire  in  one 
dar.  She  &ara  the  anne  tbj  much,  as  ther  kaT«  her 
tff«athle«  andinastatettfexceamrealanii.  She  «trx  that 
they  are  wane  at  foD  nwon.  She  nke^  rerr  faadlr,  and  is 
wynurtimeA  lo  n«t1eas  at  eight  that  she  is  obliged  to  take  a 
'  penn'orth  of  landaniim,'  which  makes  her  mipid  the  dar 
aft«T ;  (Ireamn  a  griod  deal,  eenerallr  of  bonible  thines  :  i: 
irrjuible  ao'l  low.rpiriied;  eajs  that  the  kast  thing-  Dp^is 
her  u>,  '  Oh  if  hhe  had  the  pabv  ' ;  appetite  rarenotis  ;  bowels 
Cftftive.  Ordered  potass,  brom.  gr.  it  ter  die,  with  V[x  of 
tinet,  hvoscyami ;  emplastr.  Ittt.  to  epigastrium. 

ifay  23, — At  last  roenptma!  period  had  only  two  fit* 
instead  of  six  or  eight  as  nsoal,  and  none  "  between  time*.' 
Keeltt  lfett«r  in  henself ;  anne  not  diminished  in  (reqneni.'v. 
altljongh  blister  had  been  repeated  t)ircc  times.  Ordereil  a 
toti'jn  of  e<iaal  parts  of  tincture  of  iodine  and  water  to  l<e 
frwrly  applied  to  starting-point  of  anra.     Continue  broniiile. 

J'ine  16. — Han  had  one  fit  since,  bnt  says  that  '  sen^t- 
tioDH  have  been  tlreadfal.'  Ordered  pore  tinct.  iodi  to  be 
applied  to  the  epigastrium. 

J'tni  !10. — Iodine  has  blistered  the  skin ;  aarffi  no  better. 
Piisitive  pole  of  twenty  celit,  with  large  condactor,  to  solar 
plexQfl,  negative  to  ganglion  cervicale  snperinfl  of  cervical 
Hympathetic.  first  at  right,  then  at  left  side. 

Julij  7. — Was  fire  days  withont  an  anra  after  application 
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IB  4$. — Epileptic  Attaek:  Aura  atartingfr&m  the 
JGumu  ilemhrant  of  the  NoM,  Oalvtmisaiion  of  the 
Olfaetory  Kerve. 


of  ^iilvAniHrn  ;  IiwI  two  jMtsrd^,  bot  thej  hod  not  Ronrly 
lhL>  saiiio  eiTi'ct  u|)uu  her  u  lunuL  Rep.  galv&niiuu,  con- 
tinno  broiDidv. 

Aignit  i. — Hm  bad  neitliOT  fit  nor  nam;  menial  lioalth 
woBderfoll/  icnprnvod. 

Oelobtr  9. — Has  tind  ftlto^tlicr  oli-vco  nppliations  of 
gatvanism.  Neither  lit  nor  sura  for  tbn-oniuatha.  Ceaacd 
BkttcndttDce. 

I- 
I  Ricliitrd  8,.  agrtl  4S,  nnmniriod,  ftflDq)«nl«r,vrm«iulinitl»l, 
SL-]it«tiibcr  18, 1866.  Twi-nty  yearn  agti  tic  went  to  Sontti 
AIlll'^icl^  vbora  bo  had  n  Bunntniku.  tirid  rvinniDed  rerr  ill 
toe  tonie  lime  afUirimrdx.  Since  tbun  bo  ban  bcon,  off  and 
on,  mbjeut  to  epileptic  6ta.  At  first  the;  canto  at  very 
bng  interval*,  but  now  he  hux  gonrrrally  on«  or  two  orerj 
week.  Tbey  an  precoded  bj  tlie  ]Mrre«'piiou  ofau  abomiD- 
able  smell,  oithar  of  tainted  meat  or  liiih,  or  rnodd  fat. 
Sumotimce  there  U  an  interval  of  six  or  eight  hoan 
between  the  firet  perception  of  the  mdcU  and  tbc  fit,  while 
at  other  tiniea  the  lit  occnrs  elom  upoa  tlie  mnoll  bocomiiig 
perroptible.  OccaMionally,  hiimwcTr,  he  bnji  a  bad  Hnell 
and  a  pain  a«ni«a  tlw  nae«  wiiboul  a  Gt.  Tbi>  eonralnoDa 
hut  two  or  Ibreo  minatee.  Qeoiiral  health  tolembto,  bnt  bo 
taiiant  maMiicate  verj  well,  na  all  his  teeth  were  knnckoil 
pal  \ij  l>IawH  he  got  on  board  ahip.  Ordered  calc  hjrpo- 
pltospbitia  gr.  V  tmr  die. 

Oeioter  SS. — No  change,  although  tbo  donr  has  bcou 
inoreaaed  to  gr.  xxx  per  diem.  Potaaa.  broniidi  gr,  in- 
ter die. 

Nwetnbcr  £7.— Foela  elnuvr  in  liend  and  tleepe  better. 
No  ohaage  in  fits  and  aora. 

Deeember  11. — Ha*  had  headacbc  and  pnljiilatiotu  of  tiio 
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liiMLrL  Fitii  the  nmo.  Po4aM.  broDiidi  gr.  xx  lar  A, 
with  1^.  T  of  ferri  ot  quin.  cilr. 

January  i'2. — Fnob  not  so  weU ;  in  »tber  iraOcar  tlMW 
BBnal .  I-lla  ll>e  same.  Feni  et  qnin.  cttr.  gr.  x,  wjthnat 
pobu>.  brom.  An  imculaled  iKrand  with  tnetullic  top,  ani 
connected  with  the  negatiTe  pole  of  filkeen  nils  m  i»in>- 
dnood  into  tbo  cnrity  of  Iho  noM,  tho  po«itiTL>  pnle  l<einc 
placed  to  the  msMUiid  process  of  the  sune  side,  two  miaalM 
to  the  IvH,  and  the  same  to  the  right  side. 

2!).— Hu  hftd  no  fit  nncc  luid  uo  bad  soelk.  Rep.  mtsi. 
et  galvsnism. 

Sfarth  ^. — Hm  bad  eifht  apjilkuiUons  of  f^ratuani. 
and  only  two  lita  ouco  it  was  first  tiaed.  Suella  ban 
become  kss  annoying  and  Ntrong. 

Jtiif  9. — Has  bad  altogelbcr  flAeeo  applications  of  gnl- 
vanim.  SmelUliaveqaitedinpiMaied,  aatlno  fitadtiring 
the  last  two  months.    Ceased  attendanc*. 

Such  recalls  a*  tJiOM  nra  very  enoomsging,  but  it  should 
be  ttdded  that  they  ore  not  alwaja  to  wli^aclory.  It 
would  appear,  indeed,  that  in  some  cawx  which  seem  to 
be  well  suited  fin-the  api^icatiun  of  galvanism,  ii  nevertbe- 
leaa  prodooes  little  or  no  benefit,  while  in  two  caji«s  which 
ba<re  boan  under  m^  cate,  theremedy  seemed  io  disagree  with 
the  pationta.    Hie  following  is  one  of  tbo  latter  kind  : — 

Case  49. — CaroUuc  B.,  aged  27,  langle,  Bdmitled  Uardi 
2,  186)9;  had  ber  firitt  fit  eight  yean  ago  after  a  nolaal 
stom.  Wilb  the  excoption  of  an  attack  of  *  inlliimmiU^ 
of  the  bowels,'  wliieh  nbe  had  ten  fears  s(^>,  has  alwajs 
boon  in  tolerable  honlth.  No  ftmitj  histnrj  of  ncrrovs 
affcctiunM.  The  fit  in  wheivd  in  by  an  aura  stArlinir  frooi 
tho  opigastrinm,  similar  to  that  in  Cnse  47.  GiUvnnism 
was  nsad  in  her  case  three  times.  Ailer  the  Gnt  ap 
plicntion  *  sfae  bad  snob  cnrions  sensations  UmI  s1m>  did 
not  know  wbat  to  di> ; '  idic  fptt  reeling  and  gidd^ ,  as 
if  she  had  been  drinking.  A  second  shorter  applicatioa 
had  tho  nnio  vOeiTt,  and  after  the  third  sbo  bod  a  bad  Iioa^ 
aebe  and  felt  unable  to  do  aojrthing  for  a  day  or  twa     ft 
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was  tborafim  givan  np.  Snob  idinxvncrHsira  mast,  how- 
ever,  tm  reiy  run, u  amongst  Mxlj-rnur  e|>ilcpti«  in  wrliioh 
I  have  nsixl  gulvftninn,  tlio  uppticittinn  of  it  dtai^MNl  with 
only  lwi>.  Furtlier  obrerTntiunii  will  -ihow  whether  tho 
imniediato  tMrnvlit  whidi  i«  pcrocptibln  in  tho  largo  majority 
of  CMMM  will  he  pemutnimt ;  hut  thciw  in  now  nafficiont 
^xperienoe  to  show  that>  in  well -selected  instaucegi,  a  judt> 
cions  niw  of  the  ooutisnoiu  g&Ivontu  cnrrent  may  ho  of 
BDlial  service. 


5.  Atlhma. — Dr.  H^'dti  SilIIct,*  Id  bis  altlo  trpaiiae 
on  astliina,  speaks  strongly  agniast  the  emplo^-meot 
of  gfttvaniem  in  that  disease,  and  condemns  't<he 
poMing  nalvaiiic  shocks  tbroagli  the  cLcBt,*  He  sajs 
tbat  be  has  known  tbtii  to  do  gn.-iit  harm  \  to  bring 
on  ui  attack  in  a  putiont  ut  the  time  free  from 
aatluna ;  that  it  haa,  to  bia  knowledge,  aggravated 
existing  sposni,  bat  never  done  anj  good.  Dr. 
Salter  is  at  a  loss  to  ininfjinv  what  idua  could  have 
snggeated  tht.-  use  of  gidvaiiiam  in  aetbma;  but  asbti 
baa  taken  hiniwlT  great  pains  to  prove  that  asthma 
isaiiervons  affection,  depending  apon  a  morbid  con- 
dition, either  of  the  pneumogastric  or  the  braiii, 
aud  not  upon  Btructural  disease  of  tlie  heart  or 
air-pawagc«,  I  am  sur^iriscd  at  Dr.  Salter's  rcaaoo- 
ing.  I  could  undentaod  bia  anathema  agoanst  gal- 
vamam  in  astbina,  if  that  disesae  were  dne  to  bron- 
obitis,  einpliysenia,  or  heart^diiteHae ;  bnt  as  be,  with 
givat  (iciiDiea,  has  made  it  oat  to  be  owing  to  apaalio 
contraction  of  the  un-striped  fibre-cells  animated  b; 
the  pncumogoatxic  nerve,  goJvuniaalion  of  that  nerve 
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would  appear  to  be  a  most  rational  mode  of  tT««t- 
ment.  Of  couree  we  niuat  not  think  of  *  passing 
galvanic  sbocka  tbrongb  tlie  cheHt.'  This  would  be  a 
foolish  proceeding,  which  could  iii  no  c««e  bt;  expected 
to  have  aiij  bciieficiiU  effect.  Tito  propcir  way  to 
apply  galvanism  in  u  case  of  astlima  would  be,  to  pass 
a  gentle  continaotu  current  thron^b  the  pneamo- 
gOBtric  nerre,  where  it  is  accessible  to  the  elee* 
trodcs.  at  the  neck,  in  the  proximity  of  the  carotid 
art«-j  (p.  824).  The  induced  current  upplied  anr- 
wherc,  or  auy  forniofi'lectrioity  applied  to  Uio  cbost, 
would  be  of  no  use  whatever ;  but  galranisation  of 
the  vagus  will,  I  trust,  eventually  prove  a  nsefol 
reiue<ly  in  cases  where  other  remedies  bare  been  ibaud 
wanting;.  The  iippHcationH  should  be  very  gentle, 
and  continued  for  one  or  two  minutes  at  a  time. 
Lon^  and  strong  applications  only  irritate  the  nerre, 
and  might  therefore  excite  an  asthmatic  attack.  1 
have  used  the  continuous  curri?nt  in  the  wity  jniit 
described  in  two  coses  of  Iruu  spasmodic  ustluna, 
uncomplicated  with  emphysema  or  other  structumJ 
lesiona,  with  apparently  excellent  effects ;  but  suffi- 
cient time  has  not  yet  elapsed  to  enable  me  to  say 
whether  the  results  may  bo  considered  permanenL 
Anyhow,  galranisation  of  the  pneumogastric  may  be 
safely  recommended  as  a  mode  of  treating  asthma 
which  has  no  inherent  drawback,  and  oBers  a  Ctir 
chance  of  success. 

$.  Shakirty  PaUy :    Paralt/»U  ayitan*. — Trounmil 
epeaks  of  paralysis  agitana  as  an  ab«oIntoly  incurable 
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disease,  and  tUin,  I  believe,  is  eren  now  true  for  cases 
vrhicli  ftro  of  long  standing,  and  in  wliich  all  the 
liinbn  am  afreot«d  ;  but  if  th«  affectiou  be  confined 
to  one  or  two  limbs,  and  the  ciuo  bo  one  of  com- 
ttrelj  recent  standing,  llie  oonttnnouM  current 
'applied  to  Uie  neiToua  centres  and  as  cord-nerre- 
curretit,  maj  be  of  service. 


Case  .jO. — A  (•i-ullenian,  aged  42,  who  bad  indulgwl  in 
Btnoking  to  ail  iilmutit  incTvdibI*  oxtant,  bin  nnual  AllI>^fance 
duritig  tbi;  liutt  twenty  yean  bftving  been  butwtvu  twenty 
and  thirlj^nll-flnronred  dgnrs  in  tho  dny,  consnltod  mv  in 
pril,  1B6G,  for  Bbaking  palsy  of  U)«  tight  u-m,  wblcb  bad 
me  on  four  months  ago.  Tbo  ann,  which  at  fimi  shook 
ily  wbvti  the  pslioiit  was  excited,  or  wiskod  to  da  any. 
tbinf;  horriedly.  now  obook  conlinnally,  and  tbis  iihakiiig 
wan  inn<-h  inuro  %-iol4int  whvn  ho  was  in  any  way  worriad 
oraztntod.  DuriDf;  tbe  laat  fortnight,  Ihi?  leli  anu  had  alito 
Commanod  to  shako  occasionally,  hot  as  a  rulu,  it  was 
qutcHcrnt.  Tlwre  was  no  pain  i-itbor  in  tbo  right  or  in  tho 
Itrfl  arm.  Tho  pationt's  gonmal  hesltli  was  tolerablo,  but 
his  e;«tt^ht  was  extremely  weak  and  dim,  and  he  coTn> 
plained  of  obstinate  conatipalion.  I  6nt  mado  tlic  piilipiit 
promise  to  fpve  up  smoldng  altogetbor,  and  at  vul-i-,  which 
bo  did.  I  tliun  carvrnlly  regalatod  his  diot,  and  applied  the 
oontinnooB  current  to  the  optio,  sympathetic,  and  aa  oont- 
non-c  carront,  wpry  otfa<n-  day  for  >  rortoif^ht.  At  tho  end 
of  that  time,  the  patient's  Hitiht  was  eonsiderably  im|noved, 
Lis  bowels  wcra  ngnlar,  and  the  arms  patteetij  steady. 
Three  niontbs  afterwards  he  wrote  to  aay  that  be  bnd  had 
shaking  in  tbo  right  artn  only  on  one  occasion,  aftor  liaviiig 
bad  a  oonmderable  annoyanoo,  but  t)uit  it  went  off  tbo  nut 
day,  and  thai  he  felt  iguite  woll  a);Rin  afterwards. 
Dr.  RussvU  Rcyould**  lias  plsocd  on  mcoid  a  caso  of 
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panl}-sia  agiUui«  of  tbo  n^)it  arm,  irlucli  bwl  come  ait 
Boddcnly  in  ft  nuui  >god  -^7,  wbo  hul  far  Iwu  yi-iirn  heto 
mffurcd  from  occudonal  Irvinor  uf  Uie  ri^lit  ami  and 
Ho  Qseil  tbo  currpiil  of  ISO  linkn  of  pDlvcrniiu-htir'ii  ofaoii 
battery  to  tbo  urni,  for  biilf-iui-1iour  or  an  lionr  eo/ch  tiiDe.1 
There  wns  iinprtki'ctneTit  atVr  the  ftrstapplicAtion,  and  alW  I 
fivD  tho  KpantanoDDx  jiictitutiou  cMrapluUly  ceaaed.     It  i<] 
trae  thnt  in  ibiti  inaianoe  tbe  shaking  pitlay  bad  only  lasted 
a  fortnight,  nnd  vrun  confiiidd  to  one  limK  wliich  wotdd 
make  the  cose  a  most  fiiroDi»blo  one  for  galvanic  tiftmomt, 

I  have  treated  a  considerable  oomber  of  cases  of 
shaking  pnlsy  of  long  standing,  luid  where  all  tbe 
limba  were  aiTected,  affording  more  or  less  relief  in 
most  of  them  ;  but  I  have  never  obtained  a  core  where 
both  Uic  upper  and  lower  extremities  were 
In  some  caaea,  galvanisation  combined  with  the  sal 
oataneoDB  injection  of  morphia  and  atropia, 
targe  doses  of  iodide  of  potaasinm,  is  followed  bj 
much  more  improvement  than  by  anj  of  tlieae  reme- 
dial measures  need  singly. 

7.  Tfl'tjmt. — Many  cures  of  tetanus  by  electricity 
have  be«n  published,  but  such  obserrations  have  not 
been  given  with  sufficient  detail.  It  is  obvious  that 
if  electricity  is  used  in  this  formidable  disease,  only 
tbe  continuous  current  should  be  employed. 

Tlie  observations  of  Messrs.  Nobili  and  Mattetim 
on  this  subject  have  aJready  been  noticed  (p.  2DS}. 
Ronke,*  who  has  lately  followed  it  up,  fornid  that 
fVogs  tetiuiiaed  by  sttychnia  became  quiet  as  soon  is 
a  couttnooos  ciureut  was  sent   through   the   cord. 
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Ibib  dircclion  of  thd  cunvnt  si^emed  to  ha,ve  no 
inftoonoe,  but  tbo  power  required  for  subduing  the 
spasms  was  onlj  discovei-ed  bj  nctual  ex]>eriinent. 
At  a  certain  stage  of  the  poisoniog,  luid  wlier«  o.  suf- 
ficiently powerful  current  was  employed,  the  frog 
remiuDOil,  during  tlic  pacrage  of  Uw  stream,  perfectly 
insonsible  to  irritants  which  either  before  or  after- 
vords  caused  violent  rt-Bex  spoama  ;  but  the  animal 

Cdied  &U  the  same,  eTen  if  the  galranism  wa^  con- 
tinued  for  a  consideruble  time.  Ranke  has  likewise 
established  the  fact  that  we  are  able,  by  galraiiisiog 
ilie  cord  of  unpotsoued  fi'ogs,  for  the  time  being,  to 
eomplcti^ly  inhibit  reflex  action. 

The  only  cases  of  tetanus  anecessfuUy  treated  by 
the  continuous  current  which  have  been  giren  with 
sufficient  detail,  are  two  recently  placed  on  record  by 
Dr.  Mendel  *  of  Berlin. 

Ods  of  than  was  die  case  of  a  girl,  af^mA  4,  wl>o  bad  (wen 

ran  over  by  a  cart  on  May  17,  IHl^,  in  conM-qoitnoc  cf 

which  aho  soflcred  immnuDative  fractonj  of  both  phalaogas 

of  thi'  ri{{lit  tboinli,  anil  aoiiw  minor  injuriux.     The  btlier 

of  thi)  ciiilil  drceood  the  wound  kiiuHclf,  aud  when,  eiglit 

Ldays  aflvrwurdo,  thp  cru«bod  finger  wim  only  <>nnniKT(ixl 

T^th  tho  Imiid  by  a  oniall  hriiige  of  itlciu,  he  oui  tUui  right 

tbroDgU.    The  general  eonditivn  c>f  the  diUd  uppcarod  Ihea 

be  tatiafuotun-.    Six  days  sfterwanls,  difficulty  of  swal- 

ring  canio  on.  the  teeth  ooold  not  be  sopanitcd  ftom  eoeh 

iQthcr,  sod  Ike  mttsdea  of  the  dkIc  bi'ciuiie  rigiiL    A  centi. 

'  gramino  of  opium  was  given  every  two  hanrs,  nithuat  any 

naullt  OD  tbo  ountiary  tetanus  declared  tt«elf  deeidedlj. 

sets  of  masclea  being  sucocsniviily  euixvi]  by  oleoio 

■  BwliMT  UinUcho  W«cib»ualinft,  Sept.  II,  IStB. 
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onnmctioni;  wUk  those  prcrriooaly  aftoted  mmuited  £■ 
bMiic  oontrmctinn. 

On  Jnoe  12  the  link  patient  bad  a  pobe  of  182,  ibc  («■»- 
peratnrrin  tboR<ctiiin  bHn^  lOS'S^Fabr.  Sba  wm  IjriBf^oB 
ber  b»ck,  moudoff  sad  ouogkitig  altvreMdjr ;  mid  eoitlaar 
«it  nor  wmlk  nor  ataad,  and  onljr  dt  ap  ia  bwl  with  nacfa 
mnible,  &nd  amidu  coavsUona.  The  bead  na  atmnglj- 
nAroScnd;  the  jbce  bl)u«b-t«d  aad  alJ^U;  inlaniatinia; 
tba  pnpils  aUglitlj  dilated.  The  iimwiera  tad  temponl 
roaAcln  wen  totatucsUj'  cuntnctod  on  both  lidaa,  ao  tbat 
oalj  the  handle  of  a  apooa  oanld  with  difficnltj  be  laaerti4 
biMweca  tho  teatb ;  on  the  tip  of  the  toogru  thai*  «mm 
•ome  abnMona  penepiible,  profaablf  from  the  Jiinnawiiiini 
of  tha  tmtb,  A  few  bMpetic  vtmclM  wtm  aotk«d  on  tha 
edge  of  the  right  nde  of  tbo  lowis-  lip.  The  right  ihni&b 
ma  abacut:  on  the  right  hand  the^  waa,  above  the  oa 
actacnrpi  pollicin,  which  waa  ptncrved.  a  wonnd  c>r  tbe  Fin 
of  a  bcaii,  <yiv«rtN]  vntli  abuudant  graiiulationa.  The  haad 
waa  6cxed  at  a  right  angle,  and  iJiglitlr  mptuated  ;  the 
Gngcra  were  clotted  in  the  hand.  Eveo  ou  using  consider- 
ubl«  roree.  it  waa  impoNnbtc  to  cbongo  tbc  podtioa  of  tha 
hand  or  ibe  fingcn.  The  mnitdea  of  the  fonarai  simI  ana 
appeared  hard  and  stiff,  Tho  left  ana  waa  ia  ila  aonnal 
condition. 

Tho  intpczii,  on  both  eidM,  but  more  ospcciully  tlie  richl 
cue,  were  rigid  and  pronunent;  the  hotd  noultl  not  ha 
nored  to  aitber  aido ;  ike-  mosdoa  of  the  back,  Rion>  eapv- 
dollf  the  right  rhon)l>oidi.-s  oiBJor,  wcrv  toniiodlv  contracted. 
Tho  mnachia  of  tho  abdnnicn  wrrv  in  th«ir  nraal  conditioa4 
bat  tboKC  of  both  tliiglia  harder  than  lunia] ;  both  feett  motv 
eepedalljr  the  right,  had  assninml  Ihe  hi];lic«t  d«gm  of  pM 
aqniniM.  The  uinitcleaof  the  oalf  were  a>  lianl  oa  a  board; 
the  poaition  of  tlw  (bob  could  Dot  be  oltvrod  bjr  eaplojing 
mechanical  force.  Whenever  Um  bodj  waa  aomcwliat 
abongljr  tonohod,  the  apoams  incTvaitod,  ihinr  cliancter 
boing  chiefly  that  of  opislholona*. 

Au  exatuinauon  of  the  chest  showed,  lo  the  right  aad 


cur.  V.J 


SPASMODIC  DISCVSES. 


827 


poatoriorly,  moliil  autmdit,  wliiob  wcro  man  feoblj  percop- 

tible  anteriorly.    TLi'  k-fl  luiijf  itaa  Dot  ftflfeded.    The  nriDB, 

which  v/aa  *ouity  mad  piiKWit  into  bod,  oontaiDml  ■  largo 

iLiDoiiDt  of  urotcH.  bat  neither  nlbunieD  nor  mgar.     There 

wiiN  noma  conatipRtioD.     Tho  contioooiw  gnlinuiic  vnrtvnt 

waa  Doir  used,  aud  all  iDternftl  remediua  iron  omitted. 

The  pOKilivti  rlectrodo  of  a  buttery  of  eight  coIIh  of  Krugor 

aiul  llirAchiiuiiiii  (Dauiell's)  vras  appbed  to  tlie  eitiTual 

■-■ide  i>f  tlw  right  forvurm,  oad  Lbo  lutgutivu  to  llio  csrvicitl 

Dtne.     Almost  inunedialvly  aftor  cloaiuj;  the  oirooit  it 

poMtihlc  to  Diovc  the  band,  wbicli  bad  nntil  tbcn 

I  (joiU)  fixoil,  rrLvly  iti  all  directioDH ;  the  tetauua  in  the 

tnnKcIc*  of  the  forvann  bail  in  fact  dii^ppvarod.     I'ho  poni- 

tive  eleolrude,  applit^d  iu  the  eaine  maiuivr  to  tlie  uinaolea 

of  tlie  left  calf,  vrbile  tbo  nogntivc  vu  njijiliod  to  the  lumbar 

f.\th.if,  appeared  bo  hitvt-  no  effeot  cm  the  unadea,  the  foot- 

joitit  roniatmog  fixiil.    The  paaitaTe  electrode  waa  then 

applied  to  the  anterior  part  «f  tho  leg,  cloee  above  the 

L  joint,  attvT  wluch  the  tetanus  of  tlie  gaatrocnemii  aod  the 

'(ibialia  porticus  loiucle  diaappeaivd  almo»t   i  m  mud  lately ; 

nnd  the  foot  wiu  mmIj  movablD  in  every  (Urooliun.     The 

same  pforo«diug  iraa  r«rpe»t«d  on  tbo  right  Ivg.    Whon  tbo 

pontive  electrode  waa  pbcod  apon  the  totaub  muiuilea,  bo 

tWcct  was  prodnccd,  but  on  being  applied  to  the  front  of 

tlio  leg,  tlie  tetanna  ccued  at  onw.     The  nituolea  of  tbo 

jiiw  did  not  yield  so  nwdily,  altbongh  Uie  podilive  pole  waa 

siicccsMtTcly  placed  on  varioua  point*  of  tliu  face ;  uod  only 

when  it  was  directed  to  the  l«(l  mfViworbital  nerve,  tho 

inoath  GOnld  be  opeaeJ  a  litlle  fnrtber.     The  elvotroAeB 

I  ^ving  nfterwarda  heen  applied  to  ibe  nioaclM  of  tlie  neck. 

tlio  tetaniM  ceased  tlivre  Ukciriac,  and  tJie  head  became 

norable  in  ercrr  direct  ion. 

Tlie  wltolo  application  lasted  about  fifteen  minulea,  and 
thv  muitdee  remained  rDlnxeil  aft«r  the  nppliroiion.  Oa 
tliir  fol  Id  wing  day,  the  impnivomcnt  cuntinoud,  there  waa 
greater  atipplencea  of  all  the  musdca  of  tbo  oxtmmitieai 
neither  lltu  (kxon  of  tbu  forearm,  nor  the  gnatrooneniii  bod 
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retarDwl  Ut  tWr  prevunu  riftitUty ;  tbo  poutinn  of  tlic  bead 
Mid  bock  wan  better,  and  thi>  mnnth  wud  no  far  rtpcuM]  ibu 
R  finger  could  be  brongtit  bctwcvn  thv  tn-ib.  Thv  joinu 
irer«,  hovient,  aomewbivt  atiBte  tbau  they  biul  been  inun^ 
distely  aft«r  tJio  first  spplicatioiL  11i«  indncod  cunvnl 
WM  now  used,  in  order  to  see  wbetliet'  thin  wookl  bani  maj 
HFect,  bat  llie  niDBcle8  rnnnined  in  exactly  tl>e  sune  Ooii> 
dilion  aa  bofure,  and  thi;  irritation  [inKlucn!  frvali  tvII«x 
spaaiiM.  The  littlo  patjciit  wao  now  again  brMtod  with  the 
oontiuuouK  cnnvut,  na  on  tbe  pn;cfditi|i  day,  and  the  «Mn« 
rasoltt  isunediale  rQlai.aliDn  of  tLi-  rij^id  ukiucloii,  wiu  ob- 
ininL-d. 

Tho  day  nUer  (Jnne  14),  tlie  pulae  had  gone  down  to 
112,  nnd  tlw  tompuratun  to  99-3<*  Ftthr.  Tbn  child  had 
slept  at  night,  the  congh  and  other  s^ptomt)  of  hroneliitii 
ynrrv  Iom;  there  wiui  nome  appvtito;  tho  ntunth  was  ao 
anoh  open  as  to  allow  tlie  intxodnotion  of  the  ihiuuK 
7her<i  waa  utill  alight  rigidity  in  tho  mnaclos  of  tin  ri^bt 
Ibroanu,  and  both  legs,  but  Mime  little  force  wm  anifi^-icnt 
to  ovvrcomo  it.  The  poitiiiiin  of  iho  Iwwd  and  Inok  was 
mi&facrtory.     The  comiimouH  current  wa«  ngnin  Dit«*]. 

June  1-5. — Tlic  child  had  lind  a  good  sight,  Iwd  eaten  a 
roll,  vould  put  her  feet  to  the  ground,  and  lind  walked 
ftw  stops  on  being  napporliKl. 

Juna  16. — The  general  condition  Diuch  improrud. 

June  17. — Tho  boail  wbh  freoly  nioTnble  in  erery  di 
tion;  the  tongue  could  be  put  out;  the  cliild  could  ai 
upright.     The  uiumIck  of  tlio  bock  and  the  exirvtnilii 
aoft  and  flexible.     There  WMaomecedenui  mo  nd  Lliontdcl 
General  condition  aatis&ctory.     (JalvauiMitiun  n-|>v«loil. 

Juns  18. — No  oonruhuonii  dnriug  tho  liwt  few  days  -.  sleep 
and  appetite  good  ;  tbo  Bngcrs  of  the  right  liuid  an  atill 
slightly  contraoted,  and  oloiwd  into  tho  haml.  No  tnce  of 
tetanus  left;  galvanisation  repealed  fur  curing  the  contrao- 
ttoo  of  the  fingers.  WitJiin  a  week  ijiis  rvsult  was  tike* 
wise  obt&iuod.  In  this  case  llie  relief  cuusod  hy  tbn  nppli- 
atioa  of  the  contiuuoua  carront  was  so  imuiedialc  and 
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dptidui).  l!nt  no  doubt  abonl  tliu  ival  effioocjoT  tlio  rotaody 
Dnlil  !>!■  iiilLTlaiiuxL 

r.  Meodel  faii«  iUi*o  recorded  a  cnM  of  idiupatbu- 
SOS  in  a  ^rt  ag«d  11,  in  vrhicb  tbo  cootinuouB 
cwreiit,  within  ten  days,  completely  overcame  tb« 
nflV'ctioii.  Ill  tliis  case  he  foiind  that  if  the  imgitiTi} 
pole  wus  idaood  to  the  second  or  tlitrd  lumbar  rertvbni, 
and  the  ni-gmttrc  to  thv  sternum,  tltero  wait  immediuto 
reliixu-tion  of  the  itbdoininul  innsdes.  He  ha«  druwn 
the  followiug  CDQclusiong  from  his  two  cases :  a 
^ntlo  current  should  be  locally  applied  to  the  aSi!Cte<1 
muscles.  If  a  strong  ourrcnt  i»  dirccU'd  to  tlio  cord, 
powerful  conruUious  an)  thu  conBeqiicnoc.  Tbo  posi- 
tive pole  should  be  directed  to  the  antagonists  of 
the  affected  oiuscleii,  wlitoh  agrees  with  Komok'ii 
oipcriuivntT  in  whinh  galvano-tonic  oontnctious  of 
tlio  extt'imoM  wcro  produced  by  acting  on  thu  median, 
■nd  oontmctionit  of  tlie  flexors  by  acting  on  the  radial 
nerre(p.  IVii)  The  corrent  thua  applied  seems  to 
net  rather  on  the  sentient  than  on  the  motor  uerres, 
for  uo  contractions  are  risible,  while  the  excessive 
irritability  of  tlie  sentient  uerres  is  subdued.  Dr. 
Mendel  thinks  that  the  dire«tion  of  llie  cum-nt  a  of 
no  im[>ortunce  in  Ibcsu  catieti.  Hi«  sucecss  appears 
to  have  been  so  marked  as  to  encourage  as  to  resort, 
ia  the  ti-eatuieut  of  tftanos,  to  golvauisation,  ratber 
tlian  to  any  otlier  remedy. 

8.  B'jdri'pkohia. — Scverul  Italian  authors  have,  fn 
the  commencement  of  this  century,  published  casL'S 
of  bydrojihubia  said  to  have  been  cured  by  galvanism  ( 
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but  tbese  records  are  worthless,  because  Uie  eaMN 
hftve  not  been  snflicientiy  detailed.  Mi'ro  rrrctitly 
8i^or  Schiriudi  *  han  publttihed  a  cue  of  tliis  diMaoe 
irhich  was  tivatod  andvr  th»  supervuion  t>f  a  com* 
mittee  of  medical  meu  in  Milan  appointed  tu  studj 
b^'drophobia,  and  of  which  the  following  is  an  ab- 
stnict : — 

A  ffiri,  ogod  D,  was  bitten  bj  a  siisiiicious  Aoff  <m  Mnrch 
15,  l8G4i.  rboro  wcra  titno  woatKU  on  her  hem),  and  ods 
ou  the  right  band,  which  were  aoi  cuitcrivei),  bat  moralr 
(rcaletl  with  au  ointinent,  siid  healed  ii|iontiui£<(>tisly.  Tb» 
fint  MTtiijiUinui  nf  liydrophobia  caine  on  iin  April  ^7.  Two 
(lays  aftei'wardd  alio  was  receivfid  into  the  luia{ntal.  The 
<KiiiitRtttco  agrcctl  tbiit  llu<  conttnnotu  caiTO&t  phould  be 
tuod,  ttiul  the  ni-^live  pole  <>r  Irrpnty-two  oelbi  of  DanicU'a 
iMttory  wiM  applied  to  Uia  for«li«ad,  while  the  po&iUve  was 
diT«c-h<d  to  t)ic  fait. 

1'liis  currool,  which  dcflocted  the  needle  to  an  angtv  of 
34',  wtiH  fur  four  days  uiiinlemiplodlj'  »cnt  throogh  the 
body  of  the  pnticnt.  Tho  roiitlL  was  Uiat  iho  puba  btMama 
mart)  qniol,  the  jmtiont  slept,  nod  the  thn)at*!ifia«ius  de- 
creased so  much  that  tlie  putiuut  oould  cat  and  lirink  a^uin. 
On  tho  sixth  dayofllM)  diMuitc,  kApt  eJghty  houn'  galrnni- 
sulinn.  the  girl  luul  loHt  every  Kyinplfini  of  hydrnphitliia, 
and  cloctrivily  Hccnied  to  have  niBst«fiHl  the  diicii^^e  ;  but  tlia 
p&tiejit  wna  now  in  a  ittatv  of  ^-at  prostration  and  soinno 
Iciice.  1'lui  comoiittoo  refiuvd  to  adouBiabir  stimulnnta. 
The  wouknfcm  gol  worn  during  the  next  fhw  day*.  Th0 
palM  bci'nnio  mnro  frcrjneiit.  there  was  pruHiM  p(ri--ipi  ration, 
BO  appi-tite,  loHH  of  comttdnaxntss,  diininiHlicd  finaiitily  of 
urine,  which  was  alkaline,  and  a  rod  with  hyilrochlnrii! acid 
■liproAchL-d  lu  tlio  moath  of  tlio  pnliont  was  covered  with 
white  fntncw.    The  palienl  ditul  hcvod  dnjn  ami  eorim  huun 

•  Gat.  »nL  ital.  LshImrI.     !Cii.  3S.     ttOH. 
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nn^p  tlte  firM  Bvmptcms  of  lijrdroi>hubiiL  had  Mt  in,  of 
iira-niu  {•(•iiKiQiiij;  or  tJ)o  bluod. 

SIgnor  Sclimircli  thinks  that  tlii:*  patient  might 
Imvo  rccoTCi'c*!  if  stiiDulunta  liutl  be^n  ^ven;  but 
this,  of  counM>,  U  i>ii]y  an  opinion.  There  seems  to 
be  no  doubt  that  the  Kymploms  of  hyilrophobiii  wore 
roLteved,  but  tlie  jir>iaoii  killed  the  pnUent  juct  u  well 
iw  if  no  treiitim>rit  had  been  adopted.  Tliis  would  be 
lUuJogous  to  tho  com  of  BiLuke'«  frof^,  which,  afl«r 
Ik-id;;  poiHOncd  with  strychnia,  could  bo  kept  witliout 
convulsioDB  by  the  use  of  the  oontinucius  current,  but 
<lied  nevertheless  of  the  systemic  effects  of  Uie  poison. 

9,  Btaranurinff. — The  best  mode  of  treating  stam- 
mering is,  syRt«iuiitically  to  educate  the  vocal  organs ; 
hut  wheru  this  iit  alow  to  act,  or  seuuis  to  fail,  the 
continuous  current  may  bo  of  sorrice  in  conjunction 
.  with  it. 

Ca»  ol. — Aiiiiiklligi-ntlxiv,  agpd!',  one  or  ten  cliildren, 
wiut  M'lil  to  uMi  iu  JnnuivT}'  1)308.  Uia  gi^uvnil  liokllh  <n» 
tolerably  good,  bat  ovorn»cchisfoartliyr*r  bo  bad  sulTdred 
from  diifrctirc  tjwocU.  Uaoould  ooly  talk  flaeatly  wlico  ho 
was  vxciu!^,  but  othcrwiM  ho  stemmttrMl  very  muL-Ii.  Us 
L  coo>(ilaiiuHl  vf  bctidacbi.-  and  oivasii)iiul  dixxinciAK,  u>d  the 
[|)upiltt  wcro  Dxoosuvoly  lurt^o.  Unviii^  eotuo  soApioioa  of 
tnriintion,  I  cxamiocd  the  mxuaI  Ofgttna,  ud  found  a 
lii^i  dogrou  of  oontfcnilal  jtliiniosiB  wbioli  apjMNuvd  to 
tura  ooiuddurnblo  irrilntion.  I  tlM>nfun<,  bi-f'jru  nmorU 
iiifjC  to  uiy  fnrtbifr  trcAtincnt,  Mint  liim  to  Mr.  Curlin);  to  bu 
^oiroumciiMx],  which  wm  duue  iu  Krbruat^  lUtif.  In  oon- 
i}ienoo  of  thii  operatiou  tlM>  gvoeml  ItiiiLltli  impravml,  bat 
spasm  in  tltL*  thrL<al  w»(t  Mill  ii<i  linil  ii«i-n>r.  I  Ihero- 
ura  now  Dpplivd  ilit;  cwiiIiiiui>iim  currvuL  to  iba  kniigviJ 
Mas 
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iwrm  oonUntislivcly,  ^ving  at  Ibe  bowh  Iiibc  dlreutinni  I 
fiir  ■  gymniivtk'  cdacAlion  of  tbu  voJc«.     A(W  two  montlw'  _ 
trondnoiil,  t}ie  piiliuiit  iiitoiidint*  twice  a  vrtvk,  Iw  wui 
nitioti  iinjiiMvi^J ;  itiii]  wlirn  I  Niw  him  ogiiin  I'our 
■JWwunls,  he  spoke  oa  well  ««  could  be  wished. 

10.  FaeialrpoMit:  {hiHrionte»ptutn,ticeoHVuJ»!/). — 
Tliia  affec^tion,  wliich  is  owing  to  irritation  of  one  or 
BOveraJ  bmoches  of  Hic  fifth  pair  of  cerebnJ  iietTC** 
rceiRts  nil  purely  luediciuaiJ  trentment.  Neurotomy 
of  tho  portio  dura,  wbich  bos  soniutimcs  been  por- 
formed  for  the  euro  of  it,  I  should  considor  bad 
practice,  ux  it  produces  paralysis  instt-od  of  spasm, 
the  former  being  a  greater  ineonrenifnce  than  the 
]atht>r.  On  the  othor  Iiand,  the  cxcLiion  of  a  small 
piGCO  from  tbat  liraiicti  of  tlio  ftfth  iiorv«,  the  irrita- 
tiiin  of  which  |)i-odui.t.-s  tliu  spusni,  generally  ciirL>s  th* 
complaint,  without  paralysing  tlio  miiscloii  of  th^ 
face.  The  nitorior  coiiHEKjueiices  of  neurotomy  nf 
brunclt««  of  the  fifth  nerve  in  such  cnsea  are  not  yrt 
well  known;  but  n^  it  is  uhn<>»t  utwnyn  eitlier  tb« 
supra-orbital  or  tho  infra-orbitui  nerve  which  has  to 
be  divided,  it  ia  to  be  feared  that  tbe  nutrition  of 
the  vje  mayaiifTerin  conBiequence  of  such  •>pcratioM. 
It  would  ilionrfore  be  very  desii-able  to  have  a  leu 
ft^rerc  mode  t>f  treiituiont  nt  our  dispofial. 

The  continuous  giilriinic  enrrciit-,  applied  to  tiiC 
bniocbos  of  tbe  fifUi  nen-e,  genorallj  improves  tbe 
spasm ;  but  sc«ms  to  cure  cases  only  of  ivix*nt  stand- 
ing. I  hare  neveryetsncceeded  in  cnmph'tvly  coring 
one  of  more  tban  twelve  mouths'  duration ;  wbih* 
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BAmak  *  ftppenra  to  have  succeeded  better.  In  annie 
oases  A  coiiiiuuiitivt^,  and  in  oibers  aii  mt<:-rmitt«nt, 
application  answent  best.  Tho  direction  of  Uic  cur- 
rent stionld  bo  (irequently  cbangcd,  and  tho  longtli  of 
the  apijltcatinn  should  be  from  ool-  (o  firo  minutvs. 
SulKUluneouB  iajfictiona  of  morphia  and  atropia  are 
useful  in  ootgiincUon  with  galTanism. 

11.  liuMcutar  tmUradioiu. — Tliefte  occur  cbicflj 
uitOT  exposure  U*  ibmip  nud  cold,  itiid  i»  hysU-rionl 
penons,  and  an;  uhnust  ulways  c-urablc  hy  i;iil\'uniiia- 
tjon  or  faiudiaulion.  Contractions  in  consequence  of 
diiwaso  of  tiiv  nervous  centres  are  always  accompa- 
nied by  other  sjmptonii  pointing  to  an  trritatiri*  leatun 
uf  tlie  brain  or  spinal  cord,  and  on*  not  ni>arly  bo 
auienitble  to  electricity  as  tliose  due  to  rhcutnatiun 
or  hysteria. 


IV.-AX.ESTlJE8rA. 

AjUHtlMaia  may  be  due  to  diseuae  of  tho  brain, 
•piniil  cord,  or  peripheral  nvnroH,  luid  is  either  con- 
pleto  or  portioL  In  wnuir  eii.'H.-a  nil  tlie  dilToivnt  kinds 
of  sensations  are  lost,  but  in  others  only  ouo  or  two 
of  them  are  gone,  while  the  others  remain  intact. 
Thus  common  sensation  may  be  impaired  or  lost. 
while  the  aenses  of  temperature  luid  locality  ore  aa 
iu:iite  aa  ever,  &c.  In  uuiRt  fornm  of  aniBsUiMia  on 
electric  trcntmont  is  of  scrrice.  Where  tho  ufiuctiun 
ie  due  to  effuBionB  conipn-ssinf*  the  nervous  ntutter, 
the  cuotiououH  cunvnt  appears  to  he  most  cfivctiTO) 
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but  whore  it  oco««  in  conseqneiice  of  jjreat  torpiditr 
of  nervous  power,  more  enpeciftlly  in  hysteria,  fam- 
disation  of  tLc  Kl:in  or  stiitiv  i-lectricitv,  are  HkewiN 
applicable. 

1 .  Anaeth^ia  of  Vie  Certbral  \erves. 

a.  LoM  of  Smell  (arionnia). — Total  loaa  of  naell  is 
rare,  and  its  pathology  still  somewhat  obscure.  In 
some  eaai^»  it  ujipcar^  to  be  <liie  to  cerebral  disease', 
white  in  othvm  thu  olfiictory  nerve  is  compreswd 
by  tumours,  exostoses,  and  effusions.  Bertholon  has 
recorded  a  qobo  of  anosmia  consequent  upon  rheii- 
matisni,  and  which  was  cured  by  static  eltMitricity. 
Kragenhoff  obtained  a  similar  good  rcsnlt  in  a  ciwe 
of  hemiplegia,  complicated  with  loss  of  aroeU.  Du- 
chenne  mentions  that  be  has  fi-eqnently  used  fara- 
disation of  the  mucous  membrane  of  the  tioae  for 
restoring  Uie  lost  smell,  and  bn«  get»eral)j  been 
mieccssfal.  Most  sntellx  beinj;  ditta^reeablc,  patioots 
seem  generally  not  to  care  very  much  to  hare  that 
sense  restored.  I  have  seen  a  ca^te  in  which  anosmia 
came  on  through  excessiTe  snuff- taking,  in  aPar> 
tuguese  merchant ;  I  proposed  to  him  an  electric 
treatment,  but  he  would  not  submit  to  it. 

b.  ATnblyopi-a ;  amavrosi* ;  weaknes*  of  sight  from 
imperfect  nuirlticm  of  tJw  optic  nerve, — Amaurosis  was 
much  more  frequently  diagnosed  before  the  intro- 
duction of  the  eye-mirror  into  ophthalmic  pnu*tic«, 
than  it  i»  at  present.     Von  Graefe*  excludes  from 
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this  dcnominaUon  nil  disturimuceB  of  gigbt  dciwii- 
dunt  tipoii  material  cliiinf^>a  lu  the  refrnctivc  media,  in 
the  internal  tanics  of  the  eye,  and  aJso  nenro-retini- 
ttB  a»d  embolism  of  the  central  artery  of  the  retiou. 
Ho  confines  the  tena  Bniaumsis  to  coaes  of  blindness 
from  prim:irjr  or  degencmtive  atropliy  of  tlie  ojitie 
Dcrro,  while  be  undenitiiudti  by  'amblyopia,*  that 
imiuiraient  of  viHion,  which  is  produced  by  irre^- 
luitii-'a  in  the  cireulatioii,  luid  whieh  may  in  the  end 
lead  to  primary  atrophy  of  the  optic  nerve. 

The  medtcioal  treatment  of  tlieae  afluctions  gene- 
rally yields  little  or  do  result.  The  various  forms 
of  electricity  tiave  ofteu  been  aaed,  and  aometinicB 
with  Mtisftctory  results.  Dc  Saussuro  obtained  n 
of  amaurosis  by  shucks  of  static  electricity 
directed  from  the  eye-bsU  to  the  oeck :  while  Ha- 
geiiilic  atid  Person  were  Hoccessfnl  with  mag;nGto- 
electricity.  K.  Tjosiieur  *  has  recordi-d  a  case  of 
Complete  amaurosis,  but  where  the  mobility  of  the 
iris  hud  not  sulfvred,  and  which  was  nuurly  curul  by 
electro- magnet  ism.  lie  applied  out-  motsteuud  con- 
ductor to  the  closed  eye,  and  the  other  to  the  neigh- 
bonrhood  of  the  orbit,  the  neck,  and  tlie  ficitlp. 
Tlie  o|>eration  lat)te<l  four  minutes.  T)ie  patient  dis- 
couliuiied  Uie  treatment  bi^fore  she  was  quite  cured, 
but  at  the  end  of  it  she  could  read  a  test-type  throe 
millim^tn-'shi^b.  Unfortunately  neither  M.  Lesueor 
nor  any  other  observer  im»  examined  the  eyes  ol 
tuch  pittienta  with  the  ophthalmoscope,  so  that  wo 
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hare  no  accurate  information  on  the  natnre  of  the 
disease. 

Ifr.  Dnnn,*  of  Crick,  Derby,  has  recorded  a  case  of  loss 
of  siqht  in  a  Bervant-girl,  aRcd  15,  free  from  symptoms  of 
hysteria,  vfho  while  engaged  with  her  work,  fell  and  strack 
her  eye  upon  a  round  knob  of  the  stair  balusters.  The  eye 
became  much  swollen  and  inflamed.  The  patient  conld  se« 
imperfectly  after  the  accident,  but  the  following-  morning 
she  wa.s  totally  blind  on  the  injured  side.  Mr,  Dunn  saw 
lier  three  weeks  afterwards,  when  the  eye  looked  perfectly 
)iealthy,  all  traces  of  inflammation  having  disappeared. 
Supposing  it  to  bo  a  case  of  concnssion  and  subsequent 
paralysis  of  the  retina,  he  passed  a  gentle  magneto-electric 
current  through  the  eye,  nsing  his  finger  as  electrode.  An 
immediate  improvement  took  place ;  the  sight  gradually 
returned,  and  in  five  minutes  the  girl  read  large  capitals 
with  the  ftfTccfed  eye.  Faradisation  was  twice  repeated, 
and  lifter  the  last  npplicutiou  one  eye  was  a.s  good  as  the 
other.  In  this  case  idso  no  ophthalmoscopic  esaminal  ion  of 
the  cyo  was  made. 

Duchciine  recommends  faradisation  for  amaurosis ; 
but  the  continuous  current  would  soem  to  be  the 
Iw.st  of  all  the  dilferent  forma  of  t-lectricity,  on 
account  of  its  powerful  plijsiological  action  on  the 
optic  ut'n'C  {p.  I"i7).  The  continuous  current  has 
not  3'et  been  fairly  tried,  and  it  appears,  therefore, 
very  desirable  that  a  systematic  use  of  it  should 
he  made  in  one  of  our  nurnecons  ophthalmic  hos- 
pitals, in  order  to  lead  us  to  definite  conclusions 
ahout  its  iictual  value.  An  examination  of  the 
I've  hy  mct'.iis  of  the  ophthalmoscope  should  always 
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proccdo  the  cotnmcnccmonf  of  tlic  golvntiic  triMit- 
iiiL'ut,  so  lui  to  \inive  Qo  daubt  ubunt  tbe  mitiire  «>f  tlid 
ciiae.  The  appUcntiooB  sbonld  be  intemiittont,  short, 
gentle,  and  fVcquentljr  rep«at«(l.  One  electrode  sfaoald 
be  put  to  the  cheek  and  foivhea<l  alt<?nintely,  and  the 
other  to  tht;  toiifpic ;  nnd  voltuic  iilUTiuittvcs  sLoald 
b«  systtimaticulljr  employed. 

la  Keahie*t  of  ti^kt,  witbont  Btrncturol  losions,  and 
which  might  perhaps  merge  into  amblyopia  or  amaii- 
roais  if  allowed  to  f*o  on  uticbecked,  the  conliimons 
current  oft«npnMUiC4.'SL'icellenl  resulla.  I  have  fle«*ri 
a  niiiuber  of  ciuh.'S  of  tliin  kind,  which  were  duo 
oithcr  to  oTor-excrtioii  of  the  cyett  in  rvudin^  and 
drawing,  or  to  the  general  malnutrition  of  atlvnncing 
ftge,  and  in  which  a  short  galvanic  treniment  ntpidly 
ivstored  the  eyesight  to  its  normid  strength.  Sorao 
of  these  cus«s  were  complicated  witli  photophobia, 
which  yielded  to  the  Bame  remedy. 

c.  Anatlhena  of  Iht  fifth  Ctnhral  Nerm. — ^An  to- 
stance  of  this  kind  ha«  already  been  described  (p. 
l!)7).  I  now  subjoin  tlie  result  of  the  treatment  in 
ibut  cu»e,  which  consisted  of  tht;  systematic  apjili- 
cation  of  tbo  oootinuotu  galvanic  current  to  tho 
WTerul  branches  of  the  fifth  nen-e,  the  positive  pole 
being  phiced  to  the  nape  of  the  neck,  while  the  nega- 
tive one  woa  being  gently  passed  along  the  peripheral 
ruuiilications  of  the  nen'e.     No  medicine  was  given. 

After  tliia  trcatinont  hiul  bom  followoil  for  about  lliroo 
monilia,  widi  toveml  ioU.Trti|iti<inB  iliit>  i>i  i>strnn«oua  cir- 
ciUBSta&ioea,  the  fultowiug  {hungo  hud  takon  place  vx  Uio 
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|UiUcnt'k  coadition : — Tbo  itjrinptom  of  plioioplinliia  liftd  m- 
tirely  disappear^.  IdiIcl-iI  tito  ))ati«nt  was  alilir  to  leav«  olT 
wearing  tbu  e^tutliadm  sflcr  thv  first  f«w  ajiplicutiotu  of  tha 
(Calranio  current.  Tbe  tinuitnn  aaHiun  wu  likifiruoalmoat 
NiliTvly  gone;  it  was  only  occanoB&lly  iJigiillr  percviret) 
wlivn  tJie  patient  waa  Ijring  iloim  at  bc(Uin>o.  Ttxi  (^mcitj- 
of  tlio  ooraea  was  ooiLBid«nibl]r  less  on  the  Uft  side.  Ttiv 
pati«nt  can  novr  road  No.  10  (pica)  of  JS^cr'H  U«t-tj^m 
will)  tlifl  \e{i'  c-yo,  whUc,  wbcu  lio  lint  camo  to  nio,  Iw  kobIiI 
witb  gn'itt  diRicnlty  mnke  out  idnglct  Wtteni  of  No.  SO  (& 
Ijno  KotnaD).  On  tbe  right  nde  the  unprovement  vmalilw- 
wiitD  Mitiiffiurtory,  oa  tlic  paturnl  coald  read  nnglu  Uittvn 
of  No.  20  ivith  titat  eye.  Wbeii  I  first  saw  him  ba  wai 
obligi^  to  be  led  by  anotlicr  pcreon  -,  but  now  bv  w»«  abk 
to  g\iide  himaclfin  the  slnxitD,  aod  to  rtiid  tliostroetMunai 
at  tlio  utrtidt  compr*  and  tlw  eignboarda  of  sbop*.  Com- 
mon sens£.t  ion  hud  to  a  gnat  ext«at  rGtuni«d  iu  the  left 
rido  of  tbe  iorohead,  tlie  i-lglit  cliook,  and  tlu>  cliin.  In  ilia 
otber  parts  of  tbe  fbcv  it  wan  iiliU  oonadcralily  impaired. 
The  sense  of  locality  in  both  sidci  of  4ho  I'aco  was  T»-tab^ 
blifhcd,  for  the  puldciit  could  toll  dutinotly  whrro  be  «M 
touched  or  pinched.  The  sense  of  teniponiture  bad  oome 
back  to  (omo  «xt«iit,  for  th<'  p«tioot  was  nblotoilistingaUi 
betwoen  heat  and  ould,  although  not  bo  kwaly  as  prariooi 
to  tho  ttfiViotion.  The  son»e  of  toncfa  htul  rftomcd  in  th> 
letl  side  of  the  forehead,  tbe  Hgbt  cbeeic,  and  jiart  of  tbo 
chin,  BK  Khown  hy  tho  proper  perooption  of  tliv  two  (loiiits 
of  tlie  s'sllie^iumuier.  The  ncrellon  of  tesra  and  aoliva 
luul  lartinlly  n-tanieil,  wliilo  the  nccwHshro  annvtioa  uf 
mucus  had  hi-ea  coneidvrahly  (.'brclcol.  Tbo  )!{>!<  wiire  no 
lon^r  covorod  with  froth,  but  qiiitc  dr^-.  The  lateral  ib»- 
tioD  of  the  mtuelea  of  tnastication  was  DLiirly  ru-«uitabliahed. 
Tho  pnlioni  has  hoen  adrised  to  continue  the  galnwlc 
trmtnii'ot,  and  I  bi'liuvo  tbut  thu  function  of  tliv  BJUi  pajr 
will,  ia  ooano  of  time,  be  completely  n«tored  hj  it.  H*  b 
now  quite  able  to  follow  a  light  occupation. 
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d.  Lot*  of  Ta^  is  very  rare,  and  woald,  if  reme* 
'  dinble  ut  nil,  probably  yiold  to  the  inQueiice  of  btM> 

continuous  currvnt. 

e.  Jf«n<oiM  DeafitcM, — Cases  not  unrrequcntljr  occur 
in  which  there  ia  u  defect  of  the  power  of  tho  bmin 
or  the  auditory  netre  to  reoeire  or  appreciate  Boonds, 
without  any  physical  alterations  of  the  organ  of 
hearing.  Such  uiay  be  properly  called  cases  of '  ncr- 
▼OU0  dcafiien.' 

The  affection  is  often  accompanied  by  general 
debility,  and  seems  to  arixe  from  causes  which  hare 
a  tendency  to  weaken  ttie  tone  of  the  nervoud  centres, 
auch  as  grief,  anxiety,  Hlecplessness,  orer-exertion  of 
mind  or  body,  and  exhauEtire  disc)iar|Te«.  I  have 
Itlrowise  M«n  it  come  on  durin}*  conralesccnce  from 
ooate  diseases.  Nervous  deafness  often  yields  to 
gialvaniiiation  or  faradisation. 

Tlie  most  Ktrikiu^  eSect  on  the  auditory-  nerves  is 
produced  by  applying  the  continuous  current  to  tlte 
mastoid  processes ;  but  I  generally  do  not  resort  to 
this  mode  of  application,  juat  on  account  of  its  ia- 
fluencing  the  brain  in  too  powerful  a  manner,  as 
made  cviileiit  by  a.  feeling  of  giddiness  and  raiiitituss 
which  it  caiisot.  I  therefun;  prefer  tho  appUcatioD 
of  ono  polo  to  the  membruoa  timpani,  and  of  the 
otlier  to  the  ganglion  cervicale  superina.  The  appli- 
cation sliould  be  intermittent,  systematic  use  being 
mode  of  Toltole  alteTniitivcs. 


Cjlsi  S2. — ^A  niamcd  lady,  sgrd  44),  who  liiul  livpil  macb 
tbo  tropics,  consuttsd  me  in  Mareh  1867.    Five  yenra 


f,40  ELECTRO-THEHAPEUnCS.  [chap.  r. 

ago  she  IkuI  suffered  from  small-pos,  and  when  sbe  was 
convalescont  her  attendauls  noticed  that  she  had  become 
completely  deaf  in  both  cars.  She  gradually  recorercd  her 
health,  bat  not  her  hearing.  She  had  consulted  a  namber 
of  eminent  aurists,  who  bad  given  their  opinion  that  th6re 
wan  no  discoverable  le.sion  of  the  organ  of  bearing,  bat  that 
the  deafDes.>)  was  due  to  a  torpid  condition  of  the  anditorj 
nerves.  A  great  variety  of  remedies  had  been  oned,  both 
externally  and  internally,  but  withont  effect.  I  advised  the 
use  of  the  continnous  current.  Twenty  cells  prodttced  no 
Bound.'!,  and  only  a  very  slight  pricking  sensation.  Tbir^ 
cells  produced  a  stronger  sensation,  but  no  sounds.  Voltaic 
alternatives  were  employed.  After  a  fortnight's  treatment, 
the  patient  heard  a  slight  sound,  when  the  posilire  pole 
was  in  the  water  filling  the  meatus,  at  the  moment  that  tho 
current  was  broken,  while,  if  the  negative  pole  was  used, 
there  was  a  faint  singing  noise  on  making  the  circuit  and 
the  whole  time  that  the  circuit  remained  closed,  bwt  nothing 
on  opening  it.  These  phenomena  were  more  distinct  in 
(he  right  than  in  the  !et^  car.  A  week  afterwiinlsi  the 
jmlient  could  faintly  dlslinsrtiisli  the  sound  of  a  l»eil  and  the 
musical  sound  of  tho  hammrr  of  an  indiiciion  machine  with 
the  right  ear.  AfttT  five  wocka  she  could  hear  tlic  lickint* 
of  a  clock  distinctly  witli  the  rii;ht  cur,  and  faintly  with  the 
Ifft,  and  ermld  fnllnvF  conversation  if  loudly  spoken  t.i. 
The  trcntmcnt  had  now  to  be  disconlinncd,  ns  tlie  (inlienl 
was  oliiigoil  to  leave  Ijtmdon.  I  heard  from  her  sis  months 
nftcrwards,  when  she  informed  nio  that  the  right  ear  had 
coriliTiucd  lo  improve,  and  that  she  conld  now  hear  well  with 
it,  while  the  loft  ear  had  remained  in  tho  same  condition  as 
lie  fore. 

On  the  whole,  galviinisatioii  is  more  iisiifiil  in  these 
caacs  than  faradisation  ;  but  tlmt  the  latter  also  may 
do  good,  is  shown  by  the  following  case  : — 

C.i!-E  ■11!,— A  married  woman,  of  highly  nervous  consti- 
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lution,  ajivd  37,  became  d««l'a§  far  biu.-!:  as  1M0,  anil  tbe 
otily  ciuik«  iiliff  vonld  siifign  Tor  it  wm  culi).  Bho  was nlwnyis 
wi>nto  wIhii  aho  was  esciUid  or  oinljarmaiied.  There  htul 
novor  lx«n  iiny  iiiHiimtuiiliDn  of,  tmr  (liHclinrgr'  from,  tbo 
ear;  iior  nim  aiiytliiiii*  ]istliolo^>i<.'Al  iu  Itm  i-nr  di.iiiiveratitL- 
vrhon  1)r.  llrnry  0.  Wri({bt  I'xiimiac^l  bor  al  tho  SmiinritHii 
Five  HiMpilal  (December  ]8<!l>).  My  exuminatiau  ot  tbe 
[alioni'iii  oiyHn  <if  liwiiring  hnd  Ibc  khhic  ntf^tiva  mall, 
■iid  iIk.'  oiM)  wiw  tlierefotv  [itit  duwo  iw  mii'  ol'  nnrvoa.t 
ilciifncie.  Furnilivtioii  uf  tlio  TiKnuIirunn  tynipani  diil  t;oad 
nl  ODCtt ;  Hui  iMtii^iit  wlio,  wbou  sUc  nunc  to  aie,  cUil  uot 
iiotico  any  ([UMUohh  I  addrvnsod  to  Iivr,  nor  Iirard  any 
MOiiDdB  iiitidu<<od,  beiknl,  on  leaving  lay  bouiw,  u  do^  Imrk, 
sw)  on  tiu'uiiig  into  OxfortUiitrret.  hIip  b<«rd  tlie  wbinlle  ol' 
AD  oniiiibtiK  ooudnclor.  From  thul  tiioo  cbe  Nt««i.lity  \m- 
|)roved,  ao  tbiit  it  m>o«  bocamo  easy  t«  conwne  witli  bsr. 
At  Ui«  Mima  ttnu)  tbo  caloincRia,  wbicb  Itad  been  very 
Hiiuity,  bcamo  mora  abondiuit  and  of  a  betUr  cbunictcr. 

M.  BoDiiafont  *  Las  ruconinieiidc«I  olcctro-punctnra 
of  tbe  nienibnuia  tympiuii  for  oaaes  of  ncrvotis  cli>af- 
ness.  lie  iUumines  tlie  membmue  by  meiitui  of  a 
■pectiluin,  and  then  iutrodnecs  a  fiuo  acu]iniiottirQ 
needle  towards  the  anterior  part  of  it,  until  it  Rh>«ta 
wit]]  an  iiiii>cOitdt>HL  A  iiniall  pieoo  of  cottou-ivool 
18  tliL-ii  put  into  thv  niuiittts,  tu  ordvr  to  kuvp  tliv 
nevdlu  in  ita  ])mper  puiiitiun.  Aller  tJiis,  a  mlver 
caiiula  is  iiitrodnced  into  tke  eustackiau  tube,  wlieru 
it  ie  Gxcd  n-itb  u  forceps;  and  u  fine  silver  wtnt  in 
then  inMTti.'*!  into  tliv  oaaiiln,  wbii-li  18  iiifluIaUtl 
OTftrywlicre  except  at  tta  two  i-inln,  one  of  whicli 
servea  as  electrode,  wliilo  tlio  other  rccoivea  ouo  of 
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tJie  condticttnp  win«.  Magneto-electric  ibocki  M« 
tUen  Bent  tJiroagh  th«  eluctrodc*.  Tbo  proc«>«liog 
looks  very  ptetty  on  paper,  bnt  is  probably  not  mora 
t-fTective  tbau  the  ordiuarj-  application,  wbicb  is  a  Ikr 
rctulier  one. 

2.  Atieuihwajrom  impaftel  Cn-ehral  Xutrttion, 

The  fotluvrtii^  is  lui  tniiljuioe  of  central  aiuesthMia 
cared  bj  the  ooatiouoiu  current : — 

Cakk  54.— a  gcndraiMi,  >g«tl  6-1,  mdowrr,  acoiulMrnod 
to  gdwrous  living,  suffered  two  yimra  ago  fi-otn  ft  seran 
cold  and  indigestion,  aAw  wbidi  be  was  (ivijucDtly  tronUMi 
by  an  nnpkuuiaiit  sonaatim  of  numbnesa  and  cohliu?**  ia 
the  led  llitgli.  Of  late  be  hiul  liml  Die  Mino  fii.'litig  tit  cold, 
hoavinew)  and  numbncsn  !n  tlie  left  oido  of  th»  birail.  «isiw. 
dnlly  nDcr  a  chill ;  nod  n-olkiug  bud  Iwcoine  ralfai-i-  trtmbl*- 
aonie.  Tho  memoiy  was  good,  and  although  tbo  patieet 
bad  given  up  active  ocoupatioo,  thcro  mu  no  lU'tiL-ieney  in 
bb  power  of  application,  wbeuerer  it  seemad  to  bv  roqiitraiL 
Tbitfe  wafi  a  woll- marked  Mva»  •onitia,  and  tb«  sooaa  of 
maeU  wba  defective  M_v  opiniun  ou  this  caso  wa*  retjOMtad 
by  I)r,  Allan,  of  flydo  Park  Tcrmcc,  in  July  l^W.  Wa 
ugrM-d  tbat  the  E^^'nijitaius  could  only  be  doc  to  waul  of 
eerebral  power  in  tlie  riglit  homiaptivri-,  and  tltni  the  cod- 
tiauona  cofretit  abould  be  uaed.  I  applied  fif1t«a  mIIs  Io 
the  head,  and  thirty  to  the  thigh,  with  Toltaie  idtcmatiwa. 
AfU^r  four  mch  applieiitionit,  th«  Mnaation  of  iiiiriilwiiw. 
huarineas  aod  cold  nbout  tbe  bead  was  gone,  and  two  mon 
also  relieved  ilic  auiv«lh«iiia  of  tlio  thi^h, 

8.  JJynttrieal  Anef»th«»ia, 

Hysterical  women  often  suffer  from  n  seniation  of 
niuDbDCSS>  which  is  Bomctimcs  fixed  in  k  Iin4>,  or 
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■part  of  a  limb,  but  m  olber  iostancpB  ini^ratefl  about 
tbe  body.  Ciixvs  of  tbis  kind  un>  gciicnilly  oiirablo 
by  fitnuli»fltion.  Iti  November  18.^7,  un  bj-stvriciU 
womun,  a^ctl  3fl,  va»  aout  to  tuu  bj  Dr.  Henry  G. 
Wr^bt ;  sbe  complaini'd  of  numbncus  in  tbo  napo  of 
tbe  nock,  the  dorsal  spioo,  und  botb  anns.  I  applied 
tbo  induced  current  to  tbe  parta  mentioneil,  and 
when  I  Hnw  tlio  jMitient  the  foUovrin^r  dav,  sbe  stated 
tbut  sbu  had  nearly  rogntned  the  nonual  feeling  in 
th(Mu :  tbnM>  other  applications  elfvctod  a  complete 
cure.  In  other  tustanees,  hoireTer,  a  longer  tnukt- 
ment  may  be  reqatrod. 


Ci,n  55. — A.  C,  agnd  28,  mimHod,  wm  in  Jnty  1857  ad- 
mitled  into  Curlinli.'  ward,  Sl  Mnr3''9  Hoxpiinl,  uuOttr  the 
ftm  vt  Dr.  AIJotvod.  Three  ycun  ago  stio  had  mlTered 
from  rheoRiatisni.  Kinecn  mouthn  ago  the  first  ayniplutiu 
•tf  her  prc-wnt  illncm  ippcarcl ;  walking  bocamo  diJEcult, 
Hbc  itii!  not  frt'l  the  ffTouiid,  ami  Huffenxt  fVom  a  coiitinual 
f^-nwtlion  of  tiainl>ni'iiii  in  tlitt  IkktIc  iind  tho  lower  wstn'tnl< 
tit.i,  8lii>  biul  lurvL-r  had  craiups  or  ttiilchcs  in  t)iu  U-f;- 
Sbo  Iind  bccR  treated  by  capping,  Icocbos,  and  blifclora 
uKin^  the  ipine^  *tryeboia,  cnlomcil,  luid  gidvaninn.  Wli«n 
[  liral  >^tw  her,  soon  alW  her  ad  in  lit!  ion,  the  skin  of  tbe 
fncc,  nrck.  a»4  arm*  waa  duly  m-iuilive,  but  on  tlio  ba«k 
ilierv  wu^  coniplctu  aomthnia  (ixim  the  sorauth  ocrrioal 
vertebra  down  (u  the  ncnim,  and  tho  Mune  woii  Iho  caso 
with  tho  lowiT  extrvnuttes.  In  walking  sbe  olaf^red,  and 
tbe  muMlcs  of  tbe  lower  cxIntnitiM  m>pondcd  very  liltla 
to  tbo  btndio  stimnlas.  Thero  wrra  no  aymptuma  of 
I  riiiman  uf  the  womb,  bWIilcr,  and  rectum.  In  ardor  to 
rostora  tho  hwt  vitality  to  the  Hcutienl  m^rrea,  I  farudiitad 
tlw  akin  of  the  haek  and  of  the  lower  Cilramitioa  witli 
wire-bnishea.     ^Vhilo  in  llio  normal  atato  of  tlic  uvrrca  tho 
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foradic  Htinmlaic  in  Tnlt  mm  noon  nn  nppUvcl,  thu  pMUotit  <ii'i 
not  feel  il  until  it  liui]  been  up)t)M!<l  rniiu  livi>  (u  six  wr^itub. 
Siicli  wax  tho  cnso  i>d  tlic  back  iw  wi'll  tut  on  iIhj  liiwcr  rx- ' 
trcniilics ;  Uit  ia  tliu  hoIim  of  llie  fevt  uo  xeiuaiion  twukl  Im  ' 
|)tv<lnocil  vron  bf  n  mont  powcrfnl  cnnmL     [  otintiiiu«d 
fiiniiliiuitiou,  ftful  afW  six  npplicatiotiB  the  uOB&tbiUtv  of  Un  ' 
biu-k  liiMnKTCunui  iipurljt  nonnnl.     Tlio  «cntirril    niYvra  ct\ 
ihu  lower  fxiPcmiliM  wt'rti  more  deeply  iiDpiiirt-J  iliui  iIki 
i>r  itio  bitck,  unil  il  tuuk  &  lotigvr  tnuitniont  to  aSoct  ui  iai> 
pmruiDciit  ill  lliecu.     Tb«  {xitictit  wulkd  iQUi-h  sttiaJier 
wli«n   Bbc   t«ft  tbo  liOKpilnl,  altbongb  nbe  hftd  Dot  ({ait* 
lueoverod. 

4.  Anaafhaia /ram  EffvnOMfOr  Injuiy  to  Sfttrm, 


CjLEt  66.— A  gciitti'mivii,  iigiMl  l)i!,  utunnrHvd,  cnme  unilcr 
ruycitre  in  NuvcmbiT  ISlw.  Tlirau  inutillis  ngo  be  liuJ  bud 
R  vJiarpMtftck  uT  gout  in  tho  right  fnol,  which  tiabeidwl  atUt 
six  wcoks'  trmtDwiit,  wlicn  be  first  bofcnii  b)  wnik  aboat 
witli  ibc  aid  of  b  stick,  lie  llicn  Tonnd  UiJtt  Iiv  liiul  Klmatt 
unlii-oly  loHt  tliu  fuoliua  in  the  taote  of  tit»  liiut.  tbn  nnklc. 
•lid  lliu  ktiec-joint.  Ho  used  liniineiiU,  uul  tbo  Irg  wm 
rubbed  and  nbtuupuoeil,  bat  with  no  elfoei,  Uo  now  oom- 
plained  ol'  a  aentatioii  of  completo  nambnTOM  and  toxa  of 
puwLT  in  tliu  k-g.  The  prick  uf  a  ]hu  was  uol  fi'lt  twiwca 
Xiiv  foot  and  llie  knoi'-joint,  niid  ttvoo  in  tho  lliigli  it  waa 
ft^lt  less  than  io  the  tlii)(fa  of  the  otber  oidi?.  Tbora  wu 
atill  sumo  tmdemess  in  tbo  big  bM  und  (lio  nnkle,  bat  no 
waalo  of  in»«(-aliir  tinsue.  Tho  log  was  cMdi-r  ttiau  the  left 
ntid  tiio  tviiw  uf  loniperatiiro  wfts  oompleloly  gone,  Tfap 
putieiit  bad  nix  appticittiotui  of  tbo  conlinuoiu  imrrent 
iotcrtnittcutly  to  Ibo  nervos  and  miuclos  uf  lim  tbich  a&d 
leg,  uftci-  wlu'ch  ho  hod  roco^ijrvd  th«  aODiiibilitj  and  tW 
use  of  the  extremit/. 

Tlie  following  tasr,  whioh  was  dt»  to  injuiy, 
cunvd  ill  HoDiuk's  jiractife  : — 
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A  woman  had  injnred  tti«  secoud  phalanx  of  her  left 
thnnib  witli  a  Lalrlx't.  Aflor  tho  woaixl  wu  hcolod,  th» 
lop  of  UiH  thiuni)  iTMiwineti  inaenBible  and  uumb.  Within 
a  twclTcmontli  (Jio  nambncioa  pragrcMtud  from  llw  cicmtrix 
Ui  tho  biifV  of  itu)  arm,  along  Ute  courae  of  tho  radial  oerve, 
and  in  f^nt  along  tho  oourso  of  the  mMttan  ncm  to  tho 
(•[bow ;  and  il  ftradiutUy  thence  crept  up  to  the  neck  and 
tiio  left  rlMM>k.  On  them  latter  pluMM  and  on  tho  book  of 
tlio  arm  it  duapprarcd  aijain  nitar  a  tinH>,  hut  tucmued  in 
Die  counw  of  thn  tnodian  ncrvo,  and  e#pwiiilljr  in  tho  tipM 
iif  all  ttic  fii>((inH.  A  curroiit  of  from  Bfly  to  Mrcutj- et'lU  of 
Ur^nwirs  battery  wiia  applied  to  tlio  ointriz  only,  and  the 
WQWtitm  in  the  thumb  and  the  other  fingun  wati  RAtoreid 
aflor  (bar  su^  oporntioiM. 

5,  Atphyma, 

Hufoland  *  appears  to  havo  been  the  first  to  pn>- 
pMC  i>li*t.'1rifyiiitr  ihv  phreniu  uerve  m  iiapLj'xUi  of 
newly-born  infants,  by  applying  one  pole  to  ilie 
cervical  vertebra},  and  the  other  to  the  pit  of  tbe 
■toinuoh  (' ut  iter  nerri  pbrenici  sequaiuur*).  The 
aatue  proposal  waa  made,  sixty  yeora  later,  by  Dr. 
Marahall  Hall;t  bat  neither  Uufeland  nor  Hall 
seem  erer  to  bare  cnn-ied  out  their  idea  in  practioo. 
Tn  1648,  Jobert  de  Lftmballe  and  Ducros  made  a 
number  of  experiments  on  chickens,  pigt-ous,  and 
other  animals,  in  which  antestliesia  by  ether  or  chlo- 
roform had  been  prudnccd,  and  which  were  rea^lily 
roused  by  the  application  of  the  induced  current. 
Uuchenne  {  recommended,  in  185J>,  localitM^J  Gm^ 

*  D«  OMi  Tin*  (iMtri^B  ia  Ai^lifila.    Oouiagv,  IT81, 
t  Od  tli*  UlMBtn  and  Dam^oauu  oT  tli*  Xwtdw  8f  lUai.    Lia- 
dun,  IHI. 
t  D*  rtlflAriMtiiia  k>ealM«,  f.  TM. 
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disation  of  the  phrenic  netrea  for  the  core  of  as- 
phyxia ;  bat  Ziemssen  *  was  the  first  who,  in  1856, 
used  this  method  Bnceeasfully. 

A  servant-girl,  aged  2?,  was  found  in  her  bod,  early  one 
moniing,  asphyxiated  by  charco&l- fames.  Connter-irritatioii 
of  the  skin  proved  unavailing  in  indacing  respiration ;  and 
when  Dr.  Ziemssen  was  called  in,  the  pnlse  and  reapiration 
bad  nearly  disappeared ;  the  skin  was  gettinf^  pale,  the 
tempertbtaro  of  the  extremities  low,  and  the  raloB  in  the 
traclica  more  marked.  As  Boon  as  the  phrenic  nerres  were 
rhythmically  faradised,  the  thorax  was  dilated,  the  gid 
began  to  cough,  the  cheeks  showed  a  faint  flash,  and  the 
extrcroilies  became  warmer.  Faradisation  was  conttnaed, 
with  short  interruptions,  for  two  hoars,  when  respiration 
was  fairly  re-established.  Kleven  hoars  after  the  firat 
oommencenient  of  faradisation,  respiration  was  perfectly 
regular,  and  the  patient  was  quite  well  the  next  day, 

Friedbcrgt  haa  recorded  a  case  of  aspliyida  in  a  boy  aged 
4,  who  wa^M  planed  under  the  iiifluonce  of  chloroform  in 
order  to  have  a  cyst  of  the  evolid  remoTed.  After  a  few 
inlinlation.s  the  pnlse  suddenly  became  very  small,  the  face 
livid,  the  ryo  glassy,  tlie  limbs  relaxed ;  one  short  rale  was 
heaiil,  nftrr  whicli  respiration  ceased.  Cold  water  wa.s 
rapidly  thi'own  on  the  face  and  chest,  ammonia  held  under 
the  no'io,  and  the  larynx  tickled  with  a  small  sponge. 
After  this  had  been  done  for  two  or  three  minntes,  tlip 
jinli^e  disappeared  completely,  tlio  complexion  became  pale, 
the  lower  jaw  dropped,  the  expression  of  the  face  was 
cadaveric,  and  the  pupils  dilated.  Artificial  respiration  bv 
mcthodiral  compression  of  the  abdomen  wa«  then  resorted 
to  for  throe  minutes,  but  likewise  without  any  resnlt. 
T)r.  I'Viedberg  now  farailised  the  dinphragm  by  putting  one 
electrode  lo  the  phrenic  on  the  neck,  and  the  other  into 

"  Pie  Tnei-tricitiit  id  dtr  Mcilipin.  Int  Mili"n,  1857.  p.  49. 
■{■  Virchow's  Arohiv,  1859,  toI.  ivi.  p.  5'27. 
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(ho  MvonUi  intenwatal  t^o,  tar  one  Micond  Kt  a  tinier 
After  ton  Nucb  ftpplicatioM,  tli«  fiml  insfiiralioa  took  plntw ; 
fkmdimtioii  wm  tbim  iliBrontuiDed.  and  k  Mxwnd  and  third 
iiwpiratioii  became  pGr<-«]>t)hIc  ARor  tlio  Uiird,  the  mdilil 
piil»c  ro^apposTotl.  and  fiirllwr  nK^thmlical  comprvssion  of 
till'  iJidciniDn  yn»  now  mfficiont  tt^T  rp-i-"tubli.->liiTiK:  r«<|)im- 
tioii  atid  Ihc  li«art*s  action.  Al^tir  tiveiilv  mituitus  Uic 
rliili)  had  fiiirlj*  iwovvrcd.  T}io  optrmtiun  waH  tlivn  p«r- 
fiirmeil,  aiid  the  littlo  patii^nt  HlcpL  for  an  bonr;  after 
which  he  appciuvd  pcrfeotl;  wvll,  and  no  further  effvohi  of 

eblie  cblon>ruxin  wen  oolicoiL 
Zi«inMiyn*  ha<i  recorded  four  other  csxcs  in  whiob  faradi> 
Nitiun  i>r  thu  diitphntgm  wax  anccMalidly  used ;  tho  a«ph^ia 
boiiifT  duo  to  poisoning  with  carburcttod  bjdroffiMi  ^as, 
eliarciial-fainca,  and  to  fn'i.'iiiig  after  alcoholic  intoxtntign. 
In  five  Other  caaes  wliicb  liave  bc«o  under  tlw  care  of  llin 
Mmo  obwrver,  no  n«ult  wm  obtained.  A  cana  of  opium- 
poixoDin^  rPOOrdnl  b^OpponbeuDcrf  wai  nlxu  anHDcoMidbl, 
althouf^i  furadiiutlion  of  tbi>  phrenic  nerves  bad  been  oon* 
linnvd  for  tbrra  lK>ura.  Moalor  and  Mi>tIor  have  likowwe 
pnblialied  aiiaucc*atnil  eaw«.  Pemice)  baa  tiied  bradi- 
Rktiiin  in  five  cBMg  of  apparent  df«th  in  ncwly-bnrn  infantii: 
ill  two  of  tlieK  DO  fHvlt  iraa  produced,  wbile  iit  ihrm  lila 

Ilraa  mtorvd. 
Zietns34>ii  recninniendit  to  faradise  Bot  the  pbreoie 
Dorvea  alonf,  but  aUo  the  motor  nerves  of  those  irnis- 
eli'd  irhicK  act  in  combiuation  with  tho  dinphra^m  i 
Uiu.t  in,  UiL*  branehi's  which  procood  from  the  ccrvica) 
plexua  to  the  triipetios,  lemtor  scnpnbe,  and  acolenuii 
inMius  miiiicte));  the  nervua  tboracicua  anterior, 
which  aniiiiiUoi  the  poctondumi^oraud  tniuor;  and 

•  Din  OMtrMllt  ttr.,  Sid  eJltina.  p.  IM. 

t  Lrlirbwh  dw  fJi^ikaUKhrD  [MlxuiirJ.  Ilrlt  i.  p.  I6T, 

:  OnitmaUvr  mnliriDiarbs  Ssliragp,  Boad  li.  p.  1. 
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tlie  neinu  thoracicns  posterior  and  lateralis,  whidi 
proceed  from  the  brachial  plexoa  to  the  scalenoi 
inedios,  Bertatns  aaticns,  and  the  rhomboidei.  The 
electrodes  shonld  be  placed  there  for  aboot  two 
seconds  at  the  time,  in  order  to  produce  a  deep 
inspiration ;  after  which  expiration  is  effected  b;  an 
assistant  pressing  the  abdominal  parietes  from  below 
apwarde.  It  has  been  proposed  to  promote  expira- 
tion by  faradisation  of  the  abdominal  mnscles,  bat 
Ziemssen  ie  not  in  &.Tonr  of  this  proceeding,  because 
he  thinks  it  impossible  to  prodnce  such  a  poweriol 
compreseion  of  the  contents  of  the  abdomen  bj  fara- 
disation as  ma;  be  effected  by  mechanical  pressoie 
on  the  paiietes,  and  by  poshing  the  diapbragm 
upwards.  The  current  should  be  powerful  and 
rapidly-interrupted.  If  after  the  first  few  times  do 
effect  is  produced,  the  intensity  of  the  ciirrent  must 
be  further  increased,  as  otherwise  the  excitability  of 
the  respiratory  nerves  might  completely  vanish. 

Onimus  and  Legros  *  think  the  continuous  current 
preferable  to  faradisation.  They  have  experimented 
on  rats,  mice,  rabbits,  and  dogs,  with  ether,  chloro- 
form, and  nitrous  oxide  gas;  and  have  found  that 
after  respiration  had  ceased,  and  the  animals  had  been 
apparently  dead  for  two  or  three  minutes,  a  conti- 
nuous current  applied  to  the  digestive  tract  restored 
them  to  life.  They  recommend  to  place  the  negative 
pole  into  the  mouth,  and  the  positive  into  the  rectum, 
and  to  apply  the  current  continuatively,  until  respira- 

*  CoinpteB  reoduB,  etc.,  Mareh  1869. 
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tion  And  tiic  Itciu-t'ri  avtiun  aru  qiiiU-  ru-ostabliebei. 
A  rurront  of  twciitj  cells  would,  uccording  to  tliem, 
be  sufficiimt  fur  man. 


v.— HYPEIL«STHESIA. 


Hjp(>ne8t]ie8U  la  due  cither  to  primarj  diaottM  of 
0Otae  jMirt  of  tho  nerroufl  <y8tctii.  or  to  morbid  ooudi- 
tioud  of  ri'inoto  oi^sns  wbicb  cauiio  an  trntatioD  of 
tht'  nerves ;  and  it  dejwDds  cntirelj-  apon  the  cause 
of  the  bjrpencsthesia  whether  it  \a  atnenahle  to  elec* 
tricil^  or  not.  Where  the  cauae  cannot  be  removed  bjr 
electricity,  either  no  or  only  symptoinuUc  relief  can  be 
ttflbnlMl  bjr  the  same ;  while  a  euro  may  resnlt,  wher« 
the  cause  of  the  hypera^thesia  yields  to  the  electric 
inBuenoe.  Thus,  for  instance,  bypencstliesia  may  bo 
caustMl  by  inflammatory  discaseaof  tlie  utenis,  ovaries, 
niid  kidneys,  or  by  oxoato«ctt  in  the  o««.oiih  iimala 
tlirougb  which  the  nerves  piuts  in  tlielr  courite  to  the 
peripbenr,  or  to  canour,  &e, ;  and  in  such  cases  we 
cannot,  as  a  rule,  expect  electricity  to  do  mucb  good, 
■s  the  iiritotion  of  the  neneo,  and  oonsecineDtly  the 
HypennthiMia,  continoe  as  long  as  the  disease  |wr- 
sists  and  progn>«se8  in  Uioao  ports;  yet  even  in  sucli 
caaoa  dtictricity  sometimes  produces  temponirj  relief, 
wbcnj  otJier  anodynes  liavc  been  used  and  failed. 
Ptvfeasor  Sohwaoda,*  of  Vienna,  has  recently  reUiU-d 
»  COM  ot  cancer  of  the  bivoMt,  in  whicli,  sii  weeks 
before  death,  the  pain,  spusnu,  and  sleeplessness 
were  so  sevore  as  to  defy  all  the  nsual  meiins  for  the 
•Z«iiMlihadwWlmrAua«.aUitli  1S«V. 
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relief  of  t1i<M«  flyniploms.  The  pAtlcnt  coald  tint 
Kflt  in  bftl,  but  hdA  for  three  night*  and  dnjs  boeu 
without  sleep,  and '  C0Btract«d  with  pain.'  Professor 
Braun,  under  whose  care  the  patient  wa«,  then  ad- 
vUod  the  uRe  <>f  electrici^,  and  after  two  applicationi 
of  the  oonlinuotis  curreut  ibo  putji-nt  Ml  no  much 
relicrcd  thnt  she  could  ussame  the  horixontal  potutiou 
in  bed ;  the  nae  of  tho  current  was  continued  op  to 
the  lime  of  her  death,  and  viaa  the  only  thing  whiefa 
lit  all  relieved  her  suflerii)gs.  In  niauT  in^toiioM. 
however,  h3r]>cm:iithc)tia  is  owiii»  to  iiatuired  nutri- 
tion of  nervous  mntter,  uunocompftnii-d  with  a.ny 
severe  litriictuniJ  lesions :  mid  iu  eucb  easi.'a  elec- 
tricitjr  maj  not  Ouljr  temponirily  rclifve,  but  penna- 
nenUy  core  the  com[ilaiitL 

In  the  uilder  mriulies  of  faj'penealhetia  all  the  dif- 
ferent fonuH  of  flcctricitj  may  Uo  usefully  employed, 
but  in  tho  severer  furuM  of  it  only  the  coiitiDuons  cutv 
rent  aSbrda  relief.  Static  electricity  moy  be  employed 
in  the  form  of  eparka  and  Blight  sliocka.  luduction 
eurrciit«  may  be  used  by  moans  of  the  vhrctrio  hand 
(p.  380),  which  is  rery  useful  in  headache,  or  ■•  an 
I'luctrio  moxo,  one  wire-brush  being  pre«m.>d  to  the 
Hkin,  while  the  other  is  hold  at  a  etuall  diatancD 
from  it,  HO  as  to  ciuue  sparks  to  pass  fnun  the  sldn 
lit  'the  wiie-bruah,  or  by  tueans  of  im-ihU-ned  mu- 
diicton  applied  to  the  trunk  of  the  nem*.  ^Vhctht-r 
electro-iiiii^netiiiin  or  magneto-vlertricity  id  tued  in 
«ueh  ciues,  appvai-s  to  be  indillVtvnt.  If  Uic  Con- 
tinuous uurruut  be  used,  tho  positive  polo  eUvattl  bo 
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pliced,  \ij  means  of  a  lai^  conductor,  to  tlic  siifftirioif 
uern;  and  tLi-  iicgulivu  in  Ui«  nviglibourliood,  tbe 
applioutioB  bcia^  cODtinuutive  for  from  one  to  fiva 
mioutea.  Finally,  in  {ibstinate  cases  of  hypernstliesia 
which  rraiat  otlier  means,  galvaiio-jiuucliirc  tDuy  bo 
eniidojcs],  which  u  a  most  cficclivti,  although  un- 
pliiuiint,  modv  of  using  clvvtricit}'. 

1.  Nvttraigia  of  tho  Fact  (tie  doHtottreux), — Tbon 
are  two  kinds  of  facial  neuralgia,  a  mild  one  and  a 
eerere  one.  The  former  generally  cornea  on  after 
exposure  to  damp  and  cold,  or  after  laental  emotiomi, 
or  ia  owing  to  caries  of  a  tooth ;  it  is  not  mado 
wonebj  moving  the  face,  luid  it  oceurs  at  all  periods 
of  life;  while  the  lattur  occurs  gtineruUjr  without  anjr 
apparent  cause,  b  almost  entirely  confined  to  ad- 
TDDoed  age,  and  is  brought  on  or  utiule  worse  by  the 
least  movement  of  the  face.  The  fonncr  yields  to 
many  romvdies,  and  amongst  others  to  cluctrioity ; 
while  the  hittt-r,  as  a  nilp,  dvlics  evciy  modiciiud 
trwtmont,  and  only  uppcurs  t«>  yield  to  neuroctomy 
oud  tlio  continuous  galvanic  current.  The  folloniug 
ease  is  one  of  the  former  kind,  which  readily  yielded 
to  faradisation : — 


Cum  &7. — ^A  maRicd  Wj,  aged  2A,  bad  be«n  in  good 
limlr.h  UDtil  Miiy  IH^'i?,  wheu,  in  c<pnHvt|ui'tioe  uf  lutviiif; 
l^iC  wet  tiiruagh,  aIw  was  ndwd  \ty  violent  ptiins  in  Uia 
HkIiL  Mtiloof  tlui  Am»,  MixtupouuH]  vrilh  fervr  and  gvaunl 
iodinpusitton.  Tbn  latter  t^inptooia  soon  rabudvd,  bui 
wvera  aboottDg  (taiaM  ooDtionsd  to  ocear  in  parosysnui,  at 
tlx)  trbil  uf  whii-li  Ilia  jiMiicDt  wiu  ooiaplctoly  vxluMaloil. 
iov  tbu  lirsL  low  wtt'kii  tbu  attuckji  uf  [luiu  camo  un  irro][n- 
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Inrl;,  aboat  fonr  or  five  tinm  in  tbe  cooiw  of  the  daj;  Imi 
thoy  (pudanlljr  AMiuned  nn  intcrmitti-nt  cliai«ct«r,  cinljr<m* 
ftUack  occoiriiig  ercr}-  ullicr  il»y,  between  fuur  uid  fir* 
o'clock  in  Um  nlWruoon.  lATgo  dosea  of  i|uiiiine  siwl 
ftmmiir  had  bocn  k<<^'>-  b<it  wilbont  prodonny  anj  «0«et  t 
thi>  pBtii'nl  hnd  nloo  brtm  trenlcd  hjr  Gtlomal,  Ue^lorido  of 
ratTcury,  iodide  uf  {xilaMiimn.  kiid  bliHtvn.  Her  genoml 
licallb  lind  mui.'li  sufTt-rcd,  tuid  sho  bnd  bccomir  nvrvoDs  uml 
iiritttblo.  Sho  non  (Ootobvr  ISA?)  itlwajs  liul  m  Wfti-nin); 
Ihftt  nn  Attack  irsx  i>'>ntii)|^  on,  v)>.,  ft  kind  of  tickling  in  tlic 
Opignxtriutn,  fullnwn)  \iy  n  HcnMitinu  of  pin*  luul  OMidloa  in 
tite  fiti-e.  Soon  an«rirards  Ihc  pain  bi?giiii<to  stiooL  tlironi^li 
tbo  xjrgomntic  boor,  tlio  lower  oj-vlid,  tlw  clwdc  Mid  cliin, 
i»  toss  rioleut  on  tbe  napo  of  tlio  neck,  «nd  >paroi  tho  foT«- 
\iieiiA  and  IrTnpli^.  Such  mi  littnck  nimnlly  \Mitta  nbont  bnir 
an  Iiour,  and  llu^n  slowlj  Bubsidea  into  a  do])  tu'lilii|{  !«■&, 
which  continue*  for  thrco  or  four  hour*.  Tito  futlumng 
dhy  nhc  i*  free  from  pftin,  but  on  tho  third  dnj*  thorc  i* 
annther  paroxj-sm.  Slnvcmonts  of  the  Guv  do  not  it)err«M 
tho  pain.  On  examinaliun  of  the  fnc*',  I  found  tvro  puu^l* 
iMonua,  vit.,  on  tlio  zygomatic  bone,  vhere  tbe  (em|>>irif- 
mnlar,  nod  on  the  infraorbital  fi>ranioo,  wbi-rc  the  lofnt- 
orbilal  nerve  emerges  from  the  orbit:  proisure  on  tJwM 
tiro  pointii  cniuu^d  a  diKtinclly  piiinfal  «m<Btion  in  ttis  fnt 
iDtorral.  I  used  bradisalion,  dinwtin^  the  eleotrodH 
altomBtoljr  to  tlicM  two  pniotw,  bjr  iiK-nnit  of  Riouktotwd 
condacton,  cooveyinfr  a  nipidlj.intami)>ted  current  to  tbi 
Kufipring  nrrroa.  Tbe  fimt  application  tnado  at  lb*  tiBM 
when  tbe  attack  bnd  juiit  commnnceil  relieved  tlM  wnriiy 
of  the  pain,  but  did  not  shorten  the  daration  of  the  ps> 
roxysin.  Two  days  after,  another  aUack  came  on  in  ilna 
time^  bat  was  then  maefa  Bbortened  by  rarndistttioo,  On 
tba  third  day  after  that,  thore  went  premonitory  •ymptom^ 
u  tun*],  bnt  do  atlnck.  Next  timo  a  parozy«a  eaae  nn 
vrhicb  was  aiil>dui.-<l  in  live  niinulcH.  FamdiMtian  waa 
used  fire  ttniM  more,  after  which  tbe  pativnt  appoMvd  to 
be  Sna  trota  the  disniso.     I  naw  Iwr  o^pun  in  the  beginning 
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of  Jano  W59,  wticn  Htio  told  mv  tliat  up  lo  lluil  linui  alio 

Cu84>s  of  Umt  Berere  form  of  facial  nenml^a  which 
Trousseau  has  ajipropriately  temed  epileptiform  neu- 
ralgia, and  which  is  also  called  FotherijiWt  ditta^e, 
veaxii  tbo  iiiflucDce  of  faradisation.  Tlioy  yield  to 
cxriiiion  of  a  piece  of  the  suffering  doitc,  but  are  apt 
to  return  as  soon  u  rpgeneratioo  of  the  nerve  has 
taken  ploeo  ;  andev^n  before  that  time  the  uemulgia 
often  invades  iifigbbouring  branchi-s  of  the  tri- 
faciaJ,  BO  that  further  surgical  operations  become 
neoeaiarf.  I  believe  that  in  this  affection  the  con> 
Unuous  current  is  prefcnible  to  neurectomy  ;  in  the 
'fimt  inHlaoce  becuuse  it  does  not  injorv  or  destrojr 
the  uerres  which  are  necessary  for  the  proper  nutri- 
au  of  the  face;  and  seeoiidly,  because  it  has  the 
iwer  of  completely  altering  Uie  nutrition  of  the 
fect«d  oerte«.  owing  to  which  it  probably  pruducas 
(lermanent  effects  than  nooructomy.  The  most 
tmportwit  case  of  epileptiform  noumlgia  which  hu8 
up  to  the  present  time  been  placed  on  record,  is  one 
rbicb  occiUTod  recently  in  the  practice  of  Professor 
Niemeyer,  of  Tubingen,  and  which  has  been  pab- 
liithod  by  Dr.  Wiesner.*^  In  this  case  surgery  and 
electricity  had  both  a  fair  trial. 

Tbe  intiont  wu  *  huntnnan,  aged  ti4,  aectutomed  to 
livtt  ia  tlia  opvii  air  and  to  *  rouffh  il.'  Fivv  vMin  twforc  liar 
warn  Biwlor  Prof.  Niuin<ij«r'»  catv,  ho  flnt  folt  a  '  psinloM 
■book '  tliroagh  llio  kfl  udn  of  ttie  bond  and  Ikce :  and  mab 
shock*  ivtiimcd  nt  fmiuout  inlorvabi.    Ai>or  Lku  bad  goM 

•  BrrllntT  kUn.  WocbfMehrlfl.  Ko.  IT,  IMft. 
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on  for  n  tvelvetaonlli,  xUaoks  of  sovoro  i-un  cntne  tin, 
which  romiMioowl  at  tlm  angle  of  tiio  left  jaw,  *uJ  pra- 
owded  lliroogb  the  xvgtniMLic  arcb  right  iuto  tlio  bkoU. 
Sncb  Klbuks  ocourr«d  nt  Gnl  nbont  once  tu  tlirro  «««![■, 
ftod  were  gcuoraltj'  owint;  to  bome  exciting  raoMr.  such  m 
smoking.  mnKlicittinfr,  Kjiraking,  n-ipinif  tUo  ronatli,  Ac 
PnMore  neither  iuoraaaed  nor  dimiiutlied  tLo  iHtin,  Uw 
fit*  of  which  gndnallf  bocuui  more  Iroqneitt.  I'he  Bbodoi 
Lutod  onljr  oiu)  or  two  secouilii,  but  recurred  twenty  or 
thirty  limofl  in  the  coarse  of  t^ia  d»j  iu  the  third  ytutr  ot 
llwdiwuc.  In  18&i  tbu  patiunl  cuoduIuxI  Prof  Dilhwith, 
of  Zurich,  with  Ilia  view  of  nndnrgoing  a  mrgioiil 

The  iHiiii  ol  that  time  luiver  ouneon  without  t-.^ „  .. 

luovin^  the  left  side  of  the  Dice,  umI  it  never  occonwd 
daring  Kleep;  it  affected  tliv  left  cbe«k,  the  eppor  IiV 
upper  javr,  oad  the  t«ttth.  A  few  decayed  tvelli  weiv  . 
oxtmcteil,  but  this  ffi,Ye  uo  rctiof  whatever.  A  uiitnlur  iif 
remedies,  hucL  lis  i{uiuiDi>.  iron,  acsviiic,  iodine,  and  vvm- 
trine,  were  lh«u  given,  with  tim  *fune  rMolt ;  oud  it  vnt 
only  the  snbcntanegns  iigoctions  of  merjOiiiM)  whtoh  pni- 
duc«d  t«oipDrary  benefit.  By  the  adviou  o(  the  Iuto  Pmt 
Uriesin);!^,  four  leochea  were  now  put  to  the  dicuiw>i'd  &ide; 
and  this  was  repented  a  week  alW,  but  the  doiidiliun  uf 
Uie  pnticnl  renuuned  exactly  the  sarae.  Prof,  ttillroth 
ilion  cxciwi!  a  picci-  of  tlin  infnnrbitol  nerve,  one  and  a 
i)UAr(cr  inch  loii^f,  fruni  the  iornvorbital  <ianal.  The  piece  of 
the  nerve  which  hid  been  excutcd  was  carefully  i-xanttued 
with  tlw  micnxcopo,  but  it  appeared  perfectly  U'oltht. 
The  patient  only  roKoined  free  from  pain  fiir  a  few  day*, 
after  which  the  attack*  reappeared,  ultlMtigb  ii»i  ipiil*.'  to 
frctjnontly  nor  so  severely.  At  Uiat  tiioe  tli«  nttx.-k>  were 
brought  on  by  pravire  on  tbo  left  a)>per  jaw;  and  the 
|)ar<«  animated  by  the  infraorbital  uirre  n-maiiM^l  fiv« 
(Vura  p:un.  The  parojiy«m«,  however,  grvtting  ctiuiinually 
wone,  Praf.  OrimiDger  advimd  tbo  reawval  of  the  pniaAil 
part*  of  the  alveolar  pnwcw  of  the  jaw  by  nieana  of  raj|)*- 
torica.     Tlie  patient  wna  not  pst  under  tbo  imflnebM  of 
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i^htorofurfii  fur  Uiib  ojwrattoii.  aa  be  liail  lo  ataU'  wLii^ 
jNtrts  or  tiio  tiotio  wiMW  puiiifu).  Tlwi  u^icmtion  nns  «scce* 
Nircly  piunrul,  but  tind  a  fovounblo  rvdiilt;  (he  palivnt  wm 
diHchxigml  on  Mmy  i7,  1S64,  being  Ui«d  qnil«  fnw  ftvm 
poiii. 

Ilomn  again  lulmittcd  in  Fobrunr;-  \%G6,  and  n^jMrteil 

that  for  aome  time  hn  hud  hcuii  (|uiie  null,  (nil  Ibnt  tho 

fMack»  noon  mtnmod,  and  griuliisllj-  Iwcnine  more  Iroquent 

iMad  Mfnre.     Tho   pnlicul   argeDtly  domunilKl  &  'rndioal 

ropontioti.'     Tlio  left  dieok  was  now  froe  from  paiii,  but 

nil  tho  ullier  ptirto  which  arc  animated  by  ihn  nccond  branch 

tof  tlui  fifth  nrrro  n-oro  afliicUHJ.     Prof.  Billroth  tlM>n  re- 

lo  thu  otlou-plaiitic  rowfCtJon  of  the  upjicr  jaw,  aa 

praotiBcd  by  Vou  lAngonbcclc.     He  brolto  off  th«  i)0!tiorior 

wall  of  till'  antnun,  and  tho  posterior  part  of  the  lower 

|H)nion  of  the  orbit,  diwwctod  away  tlio  wcood  branch  of 

■jUtm  GfUi  nerro  op  to  (ha  foraniou  ovale,  and  divided  tlie 

■orr»-oloao  to  the  fonuneo  rotuuduio.    The  »ygo«Dat)c  and 

npnrioir  alr^olar  bntndiM  wm«  tlicn  dniwo  oitt  us  flu-  as 

r|MMiblo,  fttid  likuwtKU  rcinoT«d,  and  the  iulrttorbilal  nerve 

was  entirely  wkon  aw&y.    Tho  oporatton  was  not  (bllowed 

by  any  bad  •ynptom*,  aiul  tlie  wound  of  tlie  jaw  bcnM 

vaQ  tofcther.    A  utrcful  micrcHwopio  exBmiuutiun  of  the 

nerre  l^un  Nhowml  uo  alieratioii  wlinlOTt^r. 

This  epi.'ntion  was  successful  for  a  ttioe,  but  towards 
tho  end  uf  Uurvh  of  the  same  year  fresh  puroxysiDa  of 
omsrred  uu  touching  iho  h'fl  upper  lip.  Thur  s"  : 
so  Hi'vcrv,  that  Prof.  Itiltrutii  viciMid  oii  April 
l><tXt,  tho  bncoinnloriuH  nerve  which  brawiliM  ofl*  fri'iii  the 
lliird  ramus  of  tho  flUh.  This  opcmtion  was  rvudonul 
diSicutt  by  thn  nntnerous  oicatricos  oonst«|nout  uiioii  [ins 
vioiu  Mpcmtidiis ;  I  lie  dnetns  Sli'iioiiiouua  was  tnjumd  close 
lo  its  point  uf  out  from  tho  i^iotul,  and  erys>[K<UM  set  in 
afterwords,  but  yielded  rapidly  to  In'stmi'Dl.  The  |»iii 
i«us  now  ijnito  gunn,  bat  a  salivary  liitiiU  n-mniiuN).  In 
ay  tho  tin  was  a^ii  us  Wl  as  evor  iu  tlio  lolV  side  of  the 
iiiale  and  iha  i-liin,    Ou  AlAy  9,  thentfon^  Prof.  ItUlnith  cut 
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•my  fW»n  tlw  caTBm  oria  tfaroagh  Uh-  lateml  wall  uf  tlw 
uitmio,  in  onleT  to  cxciiui  tli«  poart«rii>r  denUtl  dcttm,  ud 
TTWinfcid  at  tlie  muuo  time  the  mental  lu-nro  *t  its  exit  fitn 
tho  infiamaxillary  cAnnl.  On  May  21  the  nDlivttiy  &*lnU 
ma  operated  for,  tlie  anterior  portiati  of  tbo  glaiid  beinf; 
nmOTod,  and  tfao  ikiii  nuited  fay  Hitana.  The  parta  did 
not  he*!,  bat  mtpporatioa  ael  in,  and  the  wliole  giaiai 
gradoaUy  iilongluKl  avay.  In  Jnly  1SA6  tbn  iMtirat  Ittt 
the  bospital  fVeo  from  pain,  and  also  onred  ofthu  ftstniL 

Hu  did  not,  kowervr,  long  oonlinuo  in  |pM)d  coiwIitiBa. 
In  Dwember  18C0  the  attaoka  were  again  rety  fteqncnt. 
Uo  was  readmitted  is  Jnly  1867,  wbon  tho  [nun  was  as. 
eeanrely  aerate:  it  then  proceeded  from  the  dental  pmoeM 
of  tho  upper  jaw,  and  ndiated  toward*  the  noae.  the  lofnr 
eyelid,  ear,  and  t«uiple,  from  wben>  it  penc-tratvd  into  iht 
cavity  of  tlie  skall.  Prof,  llillrutb  tbra  ndriwd  tbc  ttse  oS 
tho  continuous  ^ranio  oarreot ;  b«t  aa  the  patient  bolieved 
that  Iw  coold  only  b«  rnrpd  by  a  aorgicftl  oprntlion,  the 
ProfiKUiOr,  on  tUc  ur^'nt  initrealicii  of  the  paltcnt  to  do 
•onietbiDg  for  him,  tied  the  left  common  carotid  artery, 
jost  below  the  omohyoid  maKle.  During  the  fir*t  few 
days  after  this  operation,  u  few  foeblo  aboots  of  inin  eaiaa 
on,  but  they  aoon  ocaaed,  and  on  the  aor-cntrBnth  day  the 
patient  left  tlie  hospital  apparently  well.  Itut  n^ia  the 
improvement  wan  only  temporary,  and  a«  Prof.  Bdlroth 
bad,  in  the  meantime,  left  Zurich  for  Vienna,  the  |iatiest 
went  to  Tubingen  to  connilt  Prof.  Nienioyvr  eottoanaag 
the  applioabilily  of  ^ranitm. 

He  niui  iuli>iitt4>d  into  the  hospital  is  Ilewmhcr  tSR?- 
At  that  time  he  used  erery  day  eight  grainii  of  taorphlne 
for  mbcatunooua  ii^ctions,  this  being  dinde<l  into  thnw 
doaeo.  The  ahoots  of  )Mun  came  on  twenty  ur  ibirly  tii 
during  lite  day ;  their  star  ting-point  being  the  arti 
of  tbo  jaw,  whenee  the  pain  apmKl  to  the  anterior  ti- 
the  ear,  and  tbe  left  parietal  bone.  It  come  on  diicfly  ou 
tonebing  the  left  upper  lip.  Tbe  oonLiauMia  galvanic  cur- 
rent won  ncrw  lued,  and  with  such  beneficial  effect  that  the 
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patient  irM  won  enabled  to  dtaoontinnc  tlio  mlxalsnooiu 
injection  of  Eoorplitne,  After  tlircc  mouibs'  tiwfttnwot,  tho 
carrent  luivin^  bcvn  appliud  miirljr  (.•verj  ilny,  tho  pattCDt 
latt  ihv  b(M{ii[al  apparently  cored.  Wkollier  tli«  effect  of 
tlie  galvitaiiiin  will  bo  inoru  permanent  tbnn  that  of  tlui 
ntrgioal  opermliona,  romaias  to  be  eeeu ;  but  it  is  to  be 
expectnl  tlikt,  if  a  relapae  abonld  occur,  tlio  mmo  nuucdy 
would  ognin  produce  ttio  eame  effect.  Tho  current  vna 
Bpptiod,  bj  moistcnod  olectiodce,  to  Lbo  kfloctvd  norvw,  no 
regard  being  hod  to  tbo  direction  of  tbo  comat,  and  for 
five  ininnt4M  ftt  a  tiuie ;  tknoclinivft  both  e!ectn>dei  wvro 
diroctod  to  tho  skin,  nl  otbor  times  one  was  directed  to  tbs 
akia  and  ibe  otlier  to  the  maootu  mcmbrftne. 

Dr.  Wiwnvr  hon  recorded  knotlivr  cam  of  «  nmiUr  kind 
wbicti  iic4.-am.-d  in  a  patient,  nged  74  ftt  tlw  time  l>c  r«mo 
iiniJcr  tmttincat,  when  he  bftd  ■treadf  been  a  suficrOT  Tram 
tbo  nonmlgitt  for  t went jr- nine  years.  In  ibin  cmc  k  boat  of 
external  ami  intcm»l  remedies  bad  been  used  vritbont 
effect ;  U.  NiUnton  bod  rrfuscd  to  ptrfonti  on  opontioo,  and 
fo  had  Prof,  lining  of  Tubingen.  The  induced  cumnt 
bad  Uwn  lu^'d  aa  '  clectno  mozo,*  but  wilhoat  prtHludng 
anj  bcMtflt.  In  Juljr  11^7,  Prof.  Siomeyor  uitetl  tbe  Gon> 
linuoua  current,  citn>ieotiu{(  tbe  poiilivo  potu  witli  a  moUt- 
on«d  ooodiictor,  and  tlie  nogntiTo  witli  a  wirv-bnub.  After 
twenty  saoh  appUcatiooN,  the  pain  wnn  gotut,  and  only  a 
sbgbt  inoreaso  of  BODsibiUty  remained  in  lbo  a]>p(>r  lip. 
Some  uionlltH   aft«rwardii    there   traa  a  ivlapiw;    but  il 

olded  rapidly  to  galTauiution. 

The  foUowLnjr  caao,  whicb  occarred  seren  yean 

<  in  my  practice,  ia  interesting  on  account  of  tbe 

!  occurring  in  a  compnmtJvdy  701111^  pati«nt, 

ytelJint;  in  a  Tery  short  lime  to  t]iu  inlluonoo  of 

'the  oontiutiuua  corrcut,  although  il  hud  histcd  many 

reara:— 


[nur.v. 
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CtflR  K8.— A  inamod  iinAr.  agoA  41,  rame  undar  my  < 
in  Au^iKi  18(12.  Sho  ha<l,  for  lh«  U«t  IwetiW-livv  TMn^ 
with  fen*  iutcnoimioiis,  itu(1«>n'd  frnni  Fotlw-rgill's  diM-wtt, 
whit'h  Btliickoil  tho  ^fft  U(l«  of  (he  face,  &im1  mnni  eatirrialh 
llie  trinple,  rliock,  nml  ehiii.     TW  pnin  wiu  i:i'  ^!i 

li<>tmwti  RX  o'clifck  in  lh>!  (•vcninfc  Mul  tii'i>  or  i^ 
mumiiip,  and  |ir«Tciilc<l  oleop  tiiilil  then.  It  wui  wnne  in 
(kunp  wi'ittltor  wut  wrhen  vontcrly  wioilji  jmvnilad,  wmI  «u 
csdiod  by  (lie  least  morcnipnt  of  the  fitcv,  09|wowllr  ikr 
lips.  Atnumt  (-vrrj  imrcolie  luul  l«>iti  hmkI  for  rolivriaf 
hor.  bat  generally  wiili  tW  circcl  tUnt  tbo  polo  «nu  !■' 
ctwuihI  iniitvad  of  dimiiii§bMl.  Tbts  waa  chieflr  tho  oaw 
witb  npioluH,  bcHndoiinn,  ami  lutnbnne :  anonic  nnil  ijaimar 
bad  aim  boon  givon,  bnt  failed.  I  spplioH  »  oontinunn* 
gvlranic  (^nvnt  nf  fonr  orlLx  of  BunB«n'B  butlrry  to  tW 
tiro  inferior  bnincbes  of  th«  trijfcminn)  nirrp,  aiyl  ordrni 
nt  the  eanu)  tima  tliv  inlnmal  n*o  of  Sp*  ntvr  for  inprair- 
inf;  tlw>  eonirral  hrallb.  Tliraa  opofutiiinB,  wliJoh  vrorv  rrrt 
]ile*>ioiit  to  tb<!  pntient,  wera  snflinonl  to  can  ber  of  a 
dixcfuw  wbicli  biut  for  twenty. Gri>  yfiuv  onbiltvrcd  her  Ufa: 
and  Dp  to  Dwcpmbcr  \&t3,  when  I  lut  h«ard  from  bar,  i 
roIapttiT  hiwl  taken  place. 


Faf  ients  who  nrc  more  advanced  in  joon  gene 
require  a  much  longer  treittmcnt,  and  U'  ihie  is 
maturely  ducontinued.  thL-    benefit  aireadj  ^jt 
may  be  lost  again,  of  whicli  the  following  ii 
instance: — 

Cut  £9.— A  merchant,  a^red  (>4i  wiilowor,  livinff  in^ 
manafKctarinfr  dirtrict,  hod  for  right  yenn  mifferod 
vpilepiifiirm  neuntlfria  in  thf  ri;(ht  sidr!  of  tho  fuv,  wt 
bad  first  coma  on  alVr  n  ratifying  joiirnoy  nnilertukeikj 
winter,  and  uoiIlt  aniiotjs  rirvnroHtauct'S.     t^incv  llicn 
nenrattpa  IcfV  hirn  only  ocmnonally ;  and  when  he 
under  my  core  in  Jaaaary  1869,  he  mu   not  frstt  fttm 
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altaclcH  k  eifif;le  ilar.  Shoots  of  pain  ca.mc  on  (tftcr  the 
Bligblool  movrnnvnt*  of  tin*  lipo,  diivll^'  during  nnulitniiuti, 
and  in  speaking,  Muopiiig,  gapiu);,  oiogbin^,  and  suwiiui;. 
An  inl4>n'iirrrnt  nttnclc  of  d^vpcpnn,  to  whicli  hi*  wm  rntIi<T 
Mibjtrrt,  nlwnji  incroaacd  tho  fvvvtitj  of  his  suiri>ntif;ra.  Ilv 
wmii  fp-ntT^lIy  froB  from  pain  at  nifcbt.  Tlit-  w-'vcrilv  of  tlio 
Hnfleiing  wan  such  as  to  Ariviy  him  tirarlj'  mml ;  and  be  koil 
not  known  mny  unjnjDMint  of  lifo  daring  Uie  latit  eigbl 
vitim.  Wlion  Mn  nltack  ranw  on,  lie  couM  not  help  onltitig 
"lit  or  wronminf;.  wid  ho  hod  not  been  to  cbnrc'h  for  n  lon|[ 
linw,  lvi-iiu»e  li«  had  sometimea  been  obliged  to  call  nut  in 
tlia  middle  of  ih4t  n^rvioe.  Uis  |7iMMn«l  faMtlth  vrati  tok'ntlil^- 
ttood,  «cc]rt  that  there  was  atbcrumalon*  de^iinrntinn  of 
tlio  valves  of  Ibo  boarl,  nhich  )^vo  rise  to  oct-4wional  luwl 
attttcka  of  dTMpnnw.  No  punt^ta  duhmiMi  onutd  be  found  in 
tlio  conm  of  lbc>  trifnrial  acrw,  the  onlj*  objective  sjraptunt 
being  a  Kwi'lUng  in  the  nincouH  membfnoo  of  tbo  riglil 
obcek.  whivh  was  t)ie  principal  seat  of  the  ]ain.  Digmlion 
iraA  good,  hot  the  pntiont  vn»  obliged  to  take  his  food 
miiicod  very  fine,  tiecauw  otherwtw  tin-  Ml  of  taking  it 
hnri  him  'awfntljr.'  Ho  na>  aim  obliged  to  avoid  anything 
hot.  Ml  thin  eaoHed  aerent  pain.  No  (lart  of  tliA  right  miIb 
of  tbo  fnoo  WM  qnito  Into  from  tlw  nvaralgiji.  but  tli«  worst 
potnta  wcra  tho  lompio  and  thL>  eliepk.  Il  !■  auDeoenHury 
to  nHDtion  tli»  vnrioti*  rotnrdiiv  which  bud  lieoa  n«e<l  (nr 
'.hn  r«Uof  of  the  pain,  na  oothiiig  (teemed  to  liavn  had  the 
ntightest  boDefickol  HTect.  I  now  nsed  tl>e  continnoun  gal- 
vanic ODrrvnl,  applying  at  fintt  tbn  ptuitire  polo  pitvmuUy 
to  ih«  choek  add  lite  temple,  and  the  nt't^aiivo  pole  to  the 
mporior  conricol  ganglion.  As  this  application,  however, 
pmdoced  DO  peraptible  eflbot,  I  intntdaood  tbo  noit  day 
inttolaled  mctallio  tonnd  cvnnoctod  with  iW  tiegativw 

ale  inlii  the  mnulli,  aod  touched  wiili  it  tlio  painful  itwvU- 
tng  in  llio  miicoDH  metDhnuio  of  (be  cbuok,  llio  pontiTV 

alo  being  alleritatoly  pUeed  to  tbo  temple  aud  the  vxtemal 
<  of  the  che«k,  altogether  for  five  minnteA.  A  ciiimnt 
(.■etls  wna  tuc«l.     Immcdiatvly  after  tho  ap|tltralton 
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WM  over,  tlie  psticnt  sxHuiDod;  'Tlttt  kas  doBS  pwdl' 
Tlw  next  normiiji  ho  wa«  in  Iiigh  vpiritih  M  b»  had  t«igi 
qoilo  froc  from  pun  daring  thv  rmuundor  nf  tlio  (]>jr,  and 
bud  hevn  sUl-  tu  masticate  aud  imI  hu  ■liiUMfr  witbnot  uij 
trooblo.  lie  hiul  bnd  a  goud  night,  and  tt  was  onlj  U 
bKokfiut  tJiat  tbe  pun  bad  Ui  somo  extent  ntaraid, 
dthoogh  it  wM  not  nearly  w  bad  w  bdbn.  Wiihia  ib 
noxt  few  dajn  tlie  paiii^iit  Iiad  a  bad  attack  of  dWrbm; 
nevcrtheliM*  tbu  pain  rcmainod  in  ubvyiutc*  on  iHiBtir^rir.r 
AB  weU  aa  on  stooping.  After  tbe  ounvnt  had  boon 
•  few  mom  tines,  tlie  indile  or  tbo  chMilc  bnd  became  ni  ba 
Bora,  and  tbe  tnatment  waa  ibL't^roro  discontinned  for  a 
few  da}*!).  Tbo  itinrrboDa  did  nd  yield  to  tbe  Tvnii^lte.'i  nm! 
(or  it,  and  tlie  patient  coDaeqnentljr  got  very  much  UtIo* 
par;  under  tbcao  drcnnutanoea,  nboat  a  fortnit^ht  olW 
llie  comiiii'iiL'emciut  of  tbo  treatment,  tl>e  pain  rntonud 
much  in  the  nutip  mimnor  as  bcfon'.  Tbi<  puiiput  then  hai 
another  internal  &|>fiUi'ati(in,  aftvr  vrhk'h  ho  waa  u|r«i>i 
ranch  boiler.  The  next  day,  however,  he  was  onfurti^ 
nalely  leixed  hj  a  bud  uUuck  of  iiiBnunta,  and  ttie  paiD 
returned.  Wlien  ho  had  recoTenid  &oni  the  inflixnua,  Im 
went  to  the  Maaide  for  ohaoge  of  iiir,  und  it  nppuan  tbal 
the  noumlgia  boa  since  tlien  continued  in  tnnob  the  sun* 
mannt-T  a.-*  before.  In  thi«  ejwe  pklviinixm  wa«  ccrlaittlj 
nsed  'under  difBonlties;'  as  tbe  [Mtieut  liad,  daring  tiu 
tituo  ho  uaN  nnder  tbe  influence  of  it,  two  aciilo  nlTeiriinnt 
which  inlerforcd  coniiidifrablj  with  his  general  hciillh  ;  whI 
I  connider  it  highlj  probable  tbst,  if  tbe  galraAtc  treatmnrt 
conld  bare  been  cautinned  for  some  time  longer,  and  under 
more  favonmble  circnnMtoncos,  a  cure  would  ban 
effected. 


3.  NeHritia  of  the  trifacial  XtTfft. — In  neunlgm  tt 
tlio  trifaeial,  whether  it  be  inil<]  orcpi[v[itifonu,  tliitr* 
are  no  structuml  altemtion!  of  thcnorreor  iUalu'utl) 
crident  to  our  senses,  croa  if  Uieae  are  aided  b/  the 
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microMopc.  There  nre,  however,  easM  in  nunj  re- 
spects pesemWing  neuralgia,  but  which  are  reallr 
due  to  iiearitis,  and  in  which  the  galranism  should 
be  aomewbat  differently  applied.  We  mar  dittinguUh 
neuimlgiii  tVom  newltu  chiefly  by  the  difFerence  in 
the  scnBitiveoen  of  tho  jntient  to  the  ^mtiic  cur< 
rent.  In  troe  neimlgla  the  patiout«  actually  ivIiMb 
tbe  application  of  the  continuous  current,  ivbU«  in 
nonritia  tlicy  dislike  it.  This  is  on  the  whole  the 
most  reliable  diagnostic  guide ;  yet  we  generallv  find 
that  in  cases  of  DeuritiA  there  are  other  sjmptoma 
bendea  the  pain,  riz^  anseetbesia  of  the  skin,  tremor 
of  moaolea,  and  also  local  paralysis  of  certain  musolec 
Id  such  caws  the  current  used  should  be  to  gontl« 
as  to  b«  hardly  perceptible,  and  the  length  of  ap^- 
eation  abonld  under  no  circuniatanoec  exceed  a 
minute,  as  long  and  powerful  applications  aggrarate 
the  srnipt^ins.  In  epiteptiforra  neuralgia,  on  the 
ooiitrury,  the  current  has  generally  to  be  used  for 
about  Svo  minutes  each  time,  and  should  be  plainly 
felt  by  tbe  patient. 

3.  BraJaehn. — There  ero  few  heodocbes  which 
resist  faradimtion  by  the  electric  band,  or  a  gentle 
continuous  current ;  but  we  sh'>uld  at  the  same  time 
enquire  into  any  derangement  of  tbe  stomach  or 
other  organs  which  may  be  present,  and  whiob  are 
M  frequently  instrumental  in  producing  lieadaebM. 
Tot  many  casea  occur  where  a  judicious  modicioul 
tretttmi'tit  entirely  fails  in  relieving  the  headache, 

id  where  this  iii  promptly  cured  by  electricity.     I 

DO 
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have  seen  a  large  number  of  such  cases,  in  whi 
either  of  the  above- me  ti tinned  methods  of  appljn 
gtUvaniani  proved  successful. 

A  frequent  and  peculiar  form  of  headache  is 
tick   headnelij^  {hemioniiiia).     Tliia  generally 
not  only  medicinal  trt-atmeut,  but  also  faradisata 
by  the  electric  hand ;  it  yields  howerer  to  the 
tinuous  curreut,  applied  through  the  maatoid  pi 
ceases  and  the  temples. 

4.  Pkotopht>hiii. — This  troublesome  symptom 
quently  accompanieB  dieeaavs  of  tho  cornea 
conjonctiva,  and  obligoa  the  patients  to  keep  th( 
eyes  closed.  It  often  refiiBts  the  ordinary  treatmei 
but  yields  readily  to  the  continuous  current. 
HewsoQ  liaa  placed  on  record  thirty-two  caaes 
photophobia  due  to  scrofulous  inflammation  of 
cornea  in  children,  wJiich  were  all  cured  by 
application  of  the  continuous  current.  These  childiea 
were  between  one  and  six  years  of  age.  The  indocod 
current  made  them  worse,  while  from  one  to  three 
applications  of  the  continuous  current  comptetelj 
relieved  the  affection.  He  placed  the  negative  clMi 
tarodeto  \hs  supra-orbital  foramen,  and  the  poai 
to  some  part  of  tlie  face.  Other  observers 
obtained  equally  betieficial  results. 

Case  tiO. — A  niiLrrioil  liuly,  ngcd  ^7,  lutd  mUcaxid 
glnuCDinatona  iuflammatioa  of  the  loft  eye  in  the  an 
of  Iij65.     The  cntisc  »f  tlio  aflbction  wn»  iMlieved  to  haf 
been  rhciuualic.     Slie  wa;^  seen  by  nutny  ocolistR  and  pliy- 
sicinii]',   and   uiick-rweiit    irldi^Rtniny,   but  witboot    mudi 
benefit.    Wheu  1  first  saw  her,  iu  May,  1868, 
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highly  hjrirtnriciil;  HhcofloiiiitiflVirmlframcoDvtilnTC  attacks, 
diEiioL'SM,  palpit&tioiis  or  the  heart,  and  pain  in  tbo  cpigiM- 
trioro,  bovlc,  and  nde.  Tlio  moKt  trmthloaoniD  flymptoiu, 
'^kcmaxtr,  waa  iut«ii6e  photopkobia,  ao  Umt  nbo  would  iiat 
'leave  her  room,  whicli  luul  always  to  bo  kept  dark.  She 
WW  with  antiit'  dJilicuJly  ppriiwdud  to  Iiatb  a  gvntlo  oon- 
tiunoas  carront  appliod  U>  tlio  ojr«.  The  positive  pole  was 
placed  on  tli«  doaod  ejelid  and  the  left  to  the  nperior  oon- 
Tical  gnnghnn.  Sho  felt  mncb  botler  atier  tlie  first  applies 
tion,  and  afW  three  mom  tlie  pliotophohia  wa«  quite  gono. 


5.  TinnHut  avrivm  —  noitet  in  IA«  Kcad. — The 
patbulof^  of  noucH  in  the  Iieiid  consisU  at  pn>iiCDt> 
accordiii);  to  Mr.  Hiaton,  ofib  few  Hcrapa  of  positive 
IcnowIvdjTc,  with  o  great  dMil  of  coojucture.  Mr. 
Hinton  belieres  that  this  symptom  haa  not  any 
precise  patholog^y  in  the  aeiise  of  liaTtng  any  oniforui 
oanse,  bat  tJiat  ita  pathology  is  like  that  of  ncnnlgiii. 
It  pewrrally  apgieim  iw  ago  advances,  and  is  probably 
due  to  impairiM]  nutiitiun  of  the  fifth  or  the  auditory 
nerve.  I  have  fonnd  that  it  firequentjy  yields  to 
g^lvauiratioD,  even  when  it  has  existed  for  many 
yeani.  The  current  should  be  applied  to  the  lueoi- 
bnuin  tympani,  and  the  cervical  aymputhctic,  inter- 
mittently, with  voltaic  altei-tuttivL'S. 

6.  Cervieo-tKtipHal  A'Mirab^ut.— This  occora  in  the 
•pliere  of  the  ocvijiitiil  uervea,  which  arise  from  the 
upper  four  cervical  nerves,  and  haa  the  same  patho. 
logy  a«  tic.  It  ia  curabh)  by  galvanisation,  but  great 
care  is  aeectwry  in  using  the  current,  aa  it  may  do 
harm  if  the  application  ia  too  long  or  too  sifong,  or 
if  the  treatment  ia  too  fong  contioned. 
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Cur  61. — A  Udy,  af^  49.  had  mffirrvd  rroin  cerrioo- 
DcdpilAl  noninl^  for  Ibo  bat  twwoly  jroara  wlwn  aba  cam* 
trndiir  my  ran;  (July  1869).  No  iDodiaiw  bad  ervr  dona 
bnr  tbo  Usat  good,  and  Ute  onlj  thing  whicb  ha/1  fcir  m  timm 
ranored  the  pun  wbs  tlie  nctoal  oauM-r^,  whkh  wm  ajipUad 
bjr  Mr.  Pagot  in  1868.  Tbo  {mud,  hotrorn',  rctnmcd  somo 
time  aftenrards,  and  waa  wtw  lu  bad  aa  over.  TIm  leaat 
touch 'drove  ber  nciarly  wild,' and  it  waa  an 'agoojr'  Lohar* 
brr  bnir  ilrcwcd.  1  applied  tlie  oontinnonii  eorront  to  tha 
occipital  nerv«s  conlinuntivcly  for  two  minittea,  witJi  tli* 
ofTivt  that  tho  piun  wain  very  nonrijr  gono  afi«r  the  appltci^ 
tion  ;  *  it  Eoomod  to  havo  hardened  her  hoad ; '  she  had  > 
comfprtahlo  daj  luid  uigbt,  tuid  tbo  hair  bad  htaa  draaaed 
without  oaoBinf;  inconcenicnco.  Tho  current  waa  now  naod 
nvornl  dmcs  more ;  but  after  tbn  third  application  thero  waa 
a  oonsidsTable  increeM  in  the  ocrerity  of  tho  paia.  togetfaor 
with  f^rcat  rcstleaBDoaa,  aloepJeaaneBS,  and  goaeral  uerroBa 
dinturbanoo.  Th«ti«atm«nt  waatberoforogironnp.  In  this 
caeo  I  bolicre  that  n  cnro  raif^Itt  have  been  offcclod  if  onlj 
ODD  or  two  applirationA  bad  tukuo  pbuw ;  and  I  now  make 
it  a  mla  not  to  apply  (ii«  conrnt  again  wkeu  tlie  fxun  haa 
oampI«t«Iy  di8^}peared.  It  appean  probablo  that  in  aoefa 
caaea  tho  nouralgia  is  doe  to  a  &n]ty  (peripolar  or  di[>obu-) 
aimngctnont  of  the  oloctrii'id  molcculen  of  tlw  txm^  which 
maj  be  set  right  by  ono  or  two  applications  of  the  conti- 
nnouK  mmint,  but  may  bo  again  dilitvrbod  hy  farther  appli- 
catioDs,  more  oapecialty  in  penoua  of  eiu-h  highly  leaaitaTa 
conatitotiou  as  tbo  polieut  whan  cam  baa  jnat 
doscribod. 

7.  Other  form*  of  Neuraljia. — OsBes  of  jmih  m  At 
ftoet  and  oS  mframammary  pam  are  genenlly  canUa 
by  eleotricifcf.  Infnunitnitaary  pain  ■■  in  aotne  in- 
ttanoes  dependent  upon  incipient  latcnU  cuirature  of 
tlic  Bpitto,  but  more  frequently  exists  without  onjr 
apparent  ttractural  leeion.    It  is  generally  Tett  below 
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the  lofl  mmmrna  and  itt  tlie  mat^in  of  the  ribti.  I 
liave  seen  u  uumlM^r  of  citsus  of  tbis  affection,  some 
awociat«d  wiUi  aiRvnorrhouu,  othcn  not.  In  thoAo 
patiL-nfai  wLo  Kuffvrcd  &um  sm€norrli«ea,  the  return 
of  the  catamenia  and  the  disappearauce  of  tho  pain 
were  simaltaneoas. 

Intereontal  nemraljia  likewise  often  yiulds  to  gal- 
vanisation or  faradiaatjon. 

Ill  tI»eDounJgic«boinach-ache(ga«tTodjnia),  which 
is  to  be  trued  to  a  ftinctionol  derangement  of  the 
solar  plexns  of  norvos,  and  whero  the  pain  is  Ire- 
quentljr  coofined  to  a  amall  place  on  s  level  with 
the  ceutia]  ganglion,  Uie  coutinooiu  cairent  u  oiw 
^^of  the  most  nscfiil  rvint^dies  nt  our  disposal.  The 
^Beffect  is,  in  most  cnscs,  immediate,  and  if  tliu  trcnt- 
^■Aent  be  perscvcrod  in  for  some  time,  pcnuaneot. 
^^  Beiatica. — In  Hciation,  faradisation  as  well  aa  gal- 
I  Tanisation  gencrallj-  prove  sacoesHful.  It  is  sometdmea 
I  adriRable  to  combine  them  with  sabcntaneons  in- 
jections of  morphia  and  utropia. 

Cut  02. — AScotob  (kmter,  n^^  S-'i,  nnts  nodt^r  nircare 

IB  3vij  1857.     Ho  bud  vtmir  bcnn  in  Mnmg  tirmJih,  and 

mfforod  for  a  long  time  tVorn  acidity  in  tbe  ilomarii.    Bight 

veon  ago  h«  bwl  Kis  hh  Uiigb  onpntattKl  Tor  tamnr  albua, 

and  bo  wean  now  an   lu-tiHaal   te^.  whicli,  b«tii(;   vtrj 

wrj,  aurta  a  gnat  strain  npnn  ttio  Ic4l  nilo  of  llw  pelvis. 

I  jtmn  ago,  be  fint  began  to  ft-v]  pain  on  tfae  back  of 

I  right  tbigb.  and  tbo  inaide  of  tiw  leg,  down  to  tbe  aolcli*. 

pain  waa  nt  Snit   dnil   and  beavjr,  but  after  a  tiina 

I  so  aoote  ibnt  tli«  potiont  was  laid  op  bf  it.     He 

thought  il  was  brongbt  on  by  bin  baviug  talcun  too  mncli 

iVnraae.    Ho  did  not  snlTer  firom  violent  attaoka  of  pais 
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fbUonrod  bjr  fn«  intcrrnlB,  bnl  had  do  real  wbfttorcr.  ft* 
placed  himxclf  aiitlcr  ibo  cntv  of  two  of  Uic  moat  iniiiwBt 
pnctiiioiit-ra  of  I-^obiirgfa,  aimI  nflci-  sonw  ttme  »M  nacli 
nlioved,  Uie  iwahineM  of  Uie  pun  iiluwiy  bat  grmdnall^ 
ntwiding.  Uo  then  IcA  Edinburgh  ;  but  being  atiU  rmj 
had,  Kapundnre  wu  niacirted  to,  Irom  wUit^b  he  reoaiwi 
imm«diat«  relief,  but  the  pnin  no vor  entirely  loft  hint,  aad 
was  mni^h  about  ihu  Hiuno  tihorlly  uI^i-t  tko  opprBttuo- 
Aboal  two  ytftrs  sft«rwiird«  lio  camo  to  Town  and  cuusntted 
Sir  Junes  Clark,  who  sont  him  to  me.  Tbv  pun  waii'B 
dnll  adio '  «t  tliat  time ;  it  ittorMued  mnch  on  wallcinff,  wxta 
R>r  ft  phort  distance,  nnd  in  tho  find  p&rt  of  the  night. 
Pmumiv  hiul  no  Di«rlced  influt'nc«  upon  the  j»ia ;  bat  il 
retlwr  Tvbevn!  th*a  incruMcd  iL  The  rouaclca  of  tfao  log 
twitched  » fp^  d««l  in  tlio  ntoruiiw,  bat  not  mnob  Jn  tht 
oourao  of  the  daji  tliosc  twitches  wero  quite  iwiiili. 
»nd  no  doabt  due  to  maUnnlritlon  of  the  limb.  I 
&ndijfttion  of  the  slcin,  b;  wire  biiuhcii,  bat  m  two 
ftppKoktiona  produced  do  eflbctt  I  ftftplted  the  ntxt  itj 
BMristcned  electrodes,  placing  tlie  ponitiro  onu  to  tlie  to- 
bvrCMdtj  of  the  ischium,  and  the  n<ifcatiTD  to  the  Milcle  §at 
six  minalos.  Immcdistvly  itflor  thin  iipplicntion  the 
wMt  qnit«  gone ;  it  rcturucd  tliT«o  hours  nftcr  tlio  upetsi 
but  watt  not  iioarly  so  sevoro  M  it  hod  lM<on  hrfons  aad 
tbo  patient  hiMl  ft  vaj  good  night's  rest.  1  repealed  tW 
operation  thnw  tines  more;  lUW  the  Moood,  the  pwn 
went  aw«j  till  the  fnUowiiig  luorniu],' :  and.  after  ih«  fnusih, 
it  WM  only  slightly  felt  in  walking.  Imt  not  while  ia  m 
(|ui(iscent  position.  The  patient  was  then  oblift«d  to  loan 
1'nwii,  and  six  woeks  sftorwards  I  tvooirod  ft  nolo  from  hin* 
statiiift,  tbftt  since  feiBdisution  was  used,  tiie  limb  had 
been  a  good  doal  hotter.  lie  wok,  ho werar,  not  totality  Ih-n 
tma  pftio  when  be  walked  to  any  distanee ;  yet  the  pain 
went  off  sooner,  was  loss  sovere,  and  not  «o  liable  to  rettira 
aa  formerly.  I  thn«l(]i<e  advised  him  to  andArgo  "yrtjiwr 
cooTHi  of  the  eanM  trtatment.  This  the  patient  did  aoan 
tioM  afterwunla,    Ftuadisation  wu  osed  nx  tiiaes  mora  as 
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above,  and  with  snoh  beocficuil  oflbcta  Ibnt  ho  wm  im 
longer  in  jiud,  men  when  walking  lbr««  or  four  miles  nl  & 
time. 


fc 


CisB  (>3. — A  retired  geneml  officer,  aged  AO,  camo  under 
ly  ««  in  October  1SC7.  With  tho  oxct-plion  oT  »  bad 
atUok  of  djsenter^,  whiuli  be  had  liad  in  CbioH  about  twcutjr 
jean  ago,  he  hnd  always  boon  in  good  hosltb  until  about 
enghteeD  monUi*  ago,  when  he  got  wet  thruagh  and  iraa 
nnableto  diango  bin  clothes  for  aoine  time.  The  next  daya 
aevera  attack  of  leiatioa  came  on  iti  the  left  leg,  wbloh  was 
treated  by  loochc«  and  bluejiilt.  Abnat  n  month  nfhrrwnrd* 
be  wAB  able  to  leave  hia  bed,  but  ibi-  {xiin  bud  cnntinued 
vrerisaoe.  ItincrsaMd  on  wnlking,  mid  wnarci;  troubltv 
aome  at  ntglil.  Both  thigh  and  leg  wen  coiuidi-mbly 
wncttMl.  thrre  b«Hiig  a  diflvrvnoo  of  two  inches  in  tho  thigh, 
and  tbrecvcjuarivrH  of  nn  inch  in  the  teg,  compared  to  tlutt  of 
thB  otkar  side.  Bis  weight  had  also  oooaideTablj  dimi. 
nidied,  being  more  than  a  stone  leaa  than  before.  There  wsa 
incomplete  anvstJiesia  of  the  aktn  &om  the  hip  downwards. 
The  acnsc  of  tcinpcralnra  wan  conxidnablj  diminisbod,  and 
there  weiv  fibnlbiry  IwitolieH  in  tbu  muscle*  of  the  leg. 
Digoetioo  was  inipain'd  and  ooalirL-iiess  liabituul.  There 
was  an  aseoss  of  urates  in  tho  urine  and  the  cxpukire 
power  of  the  bladder  had  bwome  aomewliat  diminiahed. 
The  patient  nflen  mffered  from  facadaclw  and  rasUossasea 
at  night.  The  pnin  waa  moat  serene  ahoat  the  indsuta 
isdiii  and  the  L-nrn-joinl ;  but  it  wiu  also  had  in  tlia  calf 
of  the  leg,  enpociall^-  aAvr  attempting  to  walk.  I  preitcribed 
Vichy  water  for  correcting  the  ezoeas  of  acidity  and  applied 
the  poaitive  pole  of  iht  conlinnou*  current  of  30  calls  con- 
ttnnatively,  by  meana  of  a  conil  ootor  of  largo  mr&ce  (ihree 
inohoa'  diamoler)  to  thoM>  points  (if  the  nerru  which  worn 
IMkinfal  on  pmsiuro,  tho  utgatirc  polo  bring  placed  in  tha 
nHgbbonrbood.  The  wa*Ud  mnsoica  wore  afterwards 
faradisod.  The  pain  was  considerably  1ms  after  tJie  lint 
appUoation,  and  completely  ditappeaied  after  six.     The 
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cnrrent  ma  now  enploTed  intennittcBtlj  for  TcBanBg  tli* 
uicnhesia,  uid  Euvdisation  wu  eoKtiitBed.  WitliiB  > 
moDtb  the  tbigh  and  leg  had  reooTered  their  nraftl  bulk ; 
the  pfttieut  was  te^n  Able  to  tkke  regnlar  wklkiiig  eierax, 
digtwtion  waa  unloved,  utd  tfao  excess  at  vimtem  had 
dia«ppe«red  &om  the  urine.  The  patieiit  caJled  nptm  nt 
in  February  1869,  and  infonoed  me  that  he  bad  been  quite 
well  ever  aince. 

I  eondade  thia  eectioD  with  a  case  of  diffiue 
neuralgia,  irhiclt  was  remarkable  for  its  cause  and 
rapid  cure. 

CiSB  &i. — A  merchant,  aged  30,  of  vigonnu  oonatihi- 
tion,  and  active  habits,  waa  a  passenger  bj  the  Canadian 
steamer,  which  foniidered  at  sea  on  the  4th  of  Jane,  1661, 
abont  200  miles  off  the  ooeat  of  Canada.  Many  of  the 
passengers  were  drowned ;  bat  this  gentleman,  by  means  of 
a  life-buoy,  was  enabled  to  float  ontil,  three-qaartera  of  an 
hour  all«rwards,  be  was  picked  ap  by  a  boat  which  wa« 
paiwing.  Life  was  then  almost  extinct.  The  water  was 
at  the  time  exccEsiTcty  cold,  as  lai^  masses  of  ice  wcrv 
floating  in  it.  The  patient,  however,  soon  rallied ;  bat 
unfortunately  he  had  to  remain  in  his  wet  clothes  for  a 
considerable  time ;  and,  even  when  he  landed,  he  conld  nut 
at  once  obtain  a  change  of  dress.  He  did  not  at  first  expe- 
rience any  bad  eSt^cts  from  this  accident ;  bat,  afler  aome 
time,  he  began  to  feet  sererc  burning  pain  in  the  arms  and 
legs ;  and  when  the  pain  subsided,  he  perceived  numbness 
in  the  limbs  and  loss  of  muscular  power.  He  soon  after- 
wards returned  to  England,  and  was,  daring  his  ptaseage, 
subjected  to  trciitment  by  the  ahip-aurgeon,  who  prescribed 
anodyne  applications  of  opium  and  aconite  to  the  arms,  and 
general  tonics ;  but  he  derived  no  benefit  whatever  from 
the  remedies  used.  On  his  arrival  in  this  eountrv,  he 
eondulted  Mr.  Snape,  of  Bolton- le-lloors  in  Lancashire, 
who  thought  that  faradisatiua  would  be  the  best  means  of 
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j<itBriny  hiin,  and ■Ont him  tome.  On examuuttifln,  I  found 
tbe  foUowi&gmortrid  symptoniB : — 1  st,  u  ivgnrdB  tho  «M>ticat 
ncrvcit :  tboTv  wna  ft  burning  ncursl^ic  pain,  i-tipcitiiilly  lU  tba 
foro-ariDH  nod  thiglis,  nlucli  increowd  vot^  mncli  towonts 
eT«niuK  And  in  Uie  night ;  ao  that  the  pHliont  was  |ir«vtqitnt 
from  BlMping,  tttd  in  cooMqiuBoo  bacuno  mach  exbftnstcd 
in  tbo  mornin|f.  Tberu  wu  also  aiuesUieBift,  wpeciall;  iu 
till'  right  liand  and  foMHann,  wberu  ihe  prii^k  oT  n  pin  uoold 
not  be  full )  while,  on  other  parts,  it  was  only  obtiu«lj  felt, 
ani)  not  as  a  |iric)c,  biit  a«  a  mere  torieh.  Tho  Mnju;  oftumch, 
npecinUy  b  tliu  nf;ht  hand,  was  niiicfa  diinii)i»li«d.  Fiuallj, 
theru  wu»  a  Bfmi- paralytic  condition  of  the  arms;  tbo 
patient  ooold  moro  Ibcm,  but  he  had  no  power  over  tl» 
moaetM;  hoooold  not  gnuf  anything  witli  rurco,  and  ex- 
pvriancvd  great  diBIoulty  in  writing.  The  contractililj  of 
Iho  miwclca  was  not  diniiniithad,  as  Ihejr  anawoml  readilj  to 
an  aleolriv  curruot  of  inoilcimt«  power,  only  tlie  iaflnenn 
of  roltdoa  oror  them  had  cooaiderablj  dccwwwL  llie 
flaxor  mawlni  of  Ibc  font-arm  wrrc  moiit  aflocled.  Tbo 
gaseral  Itunllb  of  the  {Mtient  was  good,  nutwiths(aii<ling  tho 
loM  of  rest,  and  the  woor  and  tonr  coniwqnent  upon  great 
■oSkring.  1  nsod  faradisnlion  of  the  skin  and  tbe  ■uficring 
mnacleii,  with  excellent  rcKoIt*.  Tbe  pain,  whtnh  wiia  rcrj 
HTvro  at  tho  titno  the  jattient  CMno  to  mu,  dixiippenrcd 
daring  the  tint  applicalioii;  and  ho  *h)|>t  KOandly  tbo 
follomng  nigbt.  Tho  paia  ntome^l  in  tbe  nwming, 
altboogh  in  a  loan  dogroe ;  and,  after  a  few  more  npplica- 
ttoiM  it  WM  entirely  sobdoed.  The  a&nnlhMa  aleo  yielded 
nqu'dly  to  Ihu  meana  employed.  Al^j^r  three  oficratJomi, 
tbe  patient  was  again  able  to  feel  distinctly,  not  oidy  tlio 
pHuk  of  n  pin,  wbentrer  I  npplird  it,  hat  aluo  tbe  naro 
loueh  of  btunt  inntrunx^its ;  and  when  he  left  town,  aft«r 
having  been  nnder  my  earn  tor  six  daya.  be  was  qnite  IVoo 
from  pain,  the  anwathesia  waa  gone,  tho  aenso  of  toacb 
was  again  normal,  and  tbo  nmaoalar  power  had  retnnuiil. 
I  haro  not  teen  hiiu  aince ;  but  Hr.  Stiape  lias  written  to 
mo  to  say  that  tbe  effuda  of  tho  traatment  bare  been  per- 
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manent ;  and  that  the  patient  retnmed  to  Canada  i 
time  afterwards  in  perfect  healtii. 


a 
■. 
r 
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VL— PROGRESSIVE    LOCOMOTOR   ATAXY. 

Safficient  eTidence  haa  now  been  bronght  toge 
for  enabling  na  to  Bay  that  nitrate  of  silver,  e 
ciallj  when  given  in  combination  with  some  prep 
tion  of  phosphomB,  has  curative  effects  in  n 
cases  of  progressive  locomotor  ataxy.  But  w 
these  remedies  should  fail,  or  be  alow  in  their  ac 
galvanisation  should  be  employed.  Becent  caa 
the  affection  are  often  cored  by  the  contin 
current,  while  such  of  old  standing  only  re< 
temporary  benefit  from  its  use.  Galvanisation 
be  often  usefully  combined  with  a  gentle  hj 
therapeutic  treatment. 

The  following  case  of  ataxy  occurred  in  Benec 
practice : — 

An  artisan,  aged  HD,  who  had  exceeded  in  drinking 
sexnal  intercourse,  was,  five  years  before  he  come  v 
troatraent,  seized  with  lancinating  paina,  and  soon  i 
wards  with  weakness  in  the  legs.  All  four  extrcr 
were  numb,  and  there  were  frequent  involuntary  evi 
tiona  of  the  urine  and  fnces.  He  had  the  feeling 
tight  band  round  the  stomach.  He  was  admitted 
Oppolzer'e  Clinique  in  February  1863.  Ho  conid  not 
stand  for  one  instant  with  his  eyes  closed  withont  fal 
on  turning  ronnd  he  staggered.  Going  up  and  i 
atairs  was  very  difficult.  The  memory  was  bad  ;  then 
double  vision,  owing  to  weakness  of  the  right  rectas  e 
nua  mnsclo ;  the  lower  portion  of  the  dorsal  spine 
sensitive  to  pressure ;  ho  suffered  from  spaams  and  vei 
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Tho  patient  wm  troatod  witb  th*  oord-  uid  cord-iuirTe-cur- 
ront,  and  iroA,  tlireo  maaUia|after  thtt  oonuiieDoemcnt  of 
the  In'Stmcnt,  (|nito  trw  from  OTciy  sTOiptom  orfttaxy. 

Onimns,*  who  has  likewise  obtained  good  resulta 
from  the  galvanic  treatiueut  of  ataxj,  lays  streaa 
upou  Uie  necessitj  of  nxing  un  inverse  current  to  tlie 
spine,  and  to  omit  gAlriuiiaition  of  the  extremities 
^tofp^thor.  As  the  natiiral  tondonvj  of  ntaxj  is  to 
truvcl  upwards  in  tho  spinal  eoni,  tho  proposition  of 
Onimus  appears  judicious.  I  bav«  however  found 
that  where  the  affection  ia  conluied  to  tho  lower  por- 
tion of  the  cord,  the  direct  current  answers  equally 
well  as  the  inTcrse,  and  in  some  oases  even  better. 

Vlt-SPINAL  WEAKNESS. 

Atony  of  the  spinal  cord  not  unfrequentljr  occurs 
withoat  any  atractural  diseaM,  aod  is  often  not 
reoogDised,  beeouie  many  niedical  pmctitionere  look 
opon  the  complaints  of  those  patients  as  the  ntere 
offspring  of  a  disordered  imagination,  and,  thereforo, 
class  them  under  tho  oonreniunt  name  of  hypochon- 
driasis, in  the  male  sex ;  and  of  hysteria,  if  occurring 
in  women.  The  illness  of  such  patients,  however, 
is  not  imaginary,  but  real,  and  they  snffer  quite 
ns  much  as  If  they  were  affected  by  some  organic 
disease.  One  form  of  spinsl  weakness  has,  as  chief 
symptoms,  weakness  and  irritability  of  the  ncrrous 
system  [commonly  collud  Derronmoss),  together  with 
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imperffict  digcctiOD,   tuii    increased   elirainatJoB 
we*  bj  the  tirin«.    Of  tJiu  form,   wbidi    I  Iwt 
maon  to  believe  to  be  very  fr^qoeat,  the  (bt 
is  ft  good  example : — 


Cub  6&.— F.  R^  •g»d  42,  >  gcntlenMa  actJTdy  enfaged  i| 
■pecalativo  buHineoa,  had  to  do  ntiaciullj  hud  work,  aad  i 
nudcrgo  couidcniblv  anxictj  during  tUa  nutimui  of  U 
He  had  fdt  nervoas  ukI  irritAblo  for  u  long  timo  pirnaa 
to  tlitN  ;  hal  iho  finrt  *yiiiptom  of  real  iUneM  which  sa[ 
fened  was  aleepioMneaa,  whieb  eommenccd  in  Nc 
1865,  and  gradnallj'  got  wone  lutil  Manb  1D66. 
eiUi«r  did  not  go  to  sleep  at  nil  on  getting  into  bi'd,  (ir 
ho  droppnd  SHlcep  ftvmi  ntliT  wwu-ineas,  h«  wolc«  up 
in  about  half  an  tionr,  and  inj- rastfen  during  tboi 
of  Ibc  niglit.    Socidca  Hum  1m  camplaioed  wT  a  feeling 
givat  vxbnnHtiun,  total  diai  noli  nation  to  work,  and  to  Utdilf^ 
oxerciw  of  any  Idnd ;  of  wcaknoM  in  tht<  book,  and  pain  i 
the  nape  of  tho  neck.    He  wai  eaaUjr  excited  and 
bj  litUo  things,  and  extromdy  intolecwit  of  noiac.   or 
being  aakcil  any  ifucettonii.    He  wna  fVvquenUy  troubl 
with  a  seneo  of  ragoo  alarm,  aad  distreMtiflg  Mnntiotta 
Iba  bead.    He  dialiked  bia  racola,  and  gm«r*lly  aaf 
from  beavhieas  on  the  cheat,  flatolaooa  and  addity.  wl 
wMnned  to  be  i|uito  indupendrat  opoti  the  ijuabiy  or  i|d      _ 
tily  of  the  fooil  takon,  and  irhich  canw  on  clitr^  afl^' 
nenia)  emotions  or  cxcihnncnL    Ho  was  also  mnch  in 
vraiaDoed  by  froqaant  calls  to  paas  tha  nriiM,  oapadaltj  ia 
tbe  moroiniif,  ader  brealc&at    Tba  analysis  of  tJHi 
ahnwod  at  utMW  the  natnra  of  tlie  mocbtil  condition,  aa 
found  it  (o  coiiUiiii  a  cuniiittfmble  exceas  of  niva.     I 
cxaoiini'd  tlio  nrino  ilaily  for  sooui  timo,  and  found 
this  exoeaa  of  urea  was  not  acoideBtal,  bat  eonslant. 
body-vrvighl  of  tlia  palioat  was  olavau  stooa  tinea  ; 
and  th«  daily  quantity  of  urea  excreted  by  bJm  eboalJ 
tberefore  have  bcvn  about  550  grains.    It  was,  bovraTerJ 
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ooQtinnnlljr  BovAnJ  hmdrod  graiiu  m  exoeu  of  tbia,  ae 
■Lowii  in  tbu  (idknrii^  UUe : — 
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^p    Tbis  paturat  wu  tnatod  vrilfa  noUiing  bat  tbo  Bpi>!i«ii- 

^■Uon  of  tiw  conttBflOQ>  gslrania  enrmit,  u  oord*  uul  cord- 

^bervfrroot-cnront,  with  roluio  alternktiTM.    Tb*  uillit* 

^tneo  of  each  uppUckUmi  in  dinuniaUiog  the  ezcrelica  of 

uren  i«  woU  shown  ui  Ui«  t4blo;  and  tlw  impromDOllt  ta 

tho  geiivnJ  liekllh  neat  jtitri  ptum  vrilb  tbi*.     TI10  patJeni 

lisd  tlirc«  timirs'  aninton-aptMl  s1(vp  uflor  tli«  first  applicn- 

tian  of  galvanimi,  and  tJuit  moat  lro»bl«*(Nae  i7ni]ili>in. 

Blwplenneu,    whkfa    had  iMMted  iBorphine,   ««•   ioob 

entiivl;  roinovcJ.     After  three  we«ks*  trctttmL-til  Ihe  ptttiont 

ell  liko  knotlivr  mmn,  being  %bh  lo  exert  himself  botii 
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meulBlly  uid  Iwdilj,  to  eajoy  liia  nwob,  and  to  t«k« 
iatenttt  in  tlie  conocriu  of  daily  Ufeu 

The  caae  just  ivlatod,  to  irliicb  I  might  ii4d 
more,  shows  in  a  striking  manner  how  mnch 
function*  of  digostion  and  urinarr  secrctinn  are  and« ' 
tlie  influence  of  the  nervous  system.     Patients  of  I 
eiaas  have  no  disease  of  tlie  stomach  or  the  kitloeji 
u  they  are  often  tncUned  tu  hclievc,  but  suffer  ihii 
fipioiJ  woakncM,  a  l\inotiotui]  di«ordor  of  tlie  spl 
cord,  whicii,  in   my   opinion,  consist*  chiefly  of 
deficiency  or  perreruon  of  the  corrent  of  antuial  vk 
tricity,  which  Professor  Dubois-Beymond,  of 
has  shown  to  pass  tliroogh  the  cord  in  its 
condition.     Dr.  Runlco,*  of  Munich,  luis  prowd 
experiments  on  frogs,  that,  if  tJie  current  proper 
the  cord  is  deficient,  these  animals  suffer  &om 
morbid  increase  of  reflex  excitability,  and  are 
to  a  misi^nible  and  wretched  state  of  health. 
also  found  that  this  morbid  reflex  excitability 
bo  romorcd  by  the  application  to  the  cord  of  a  ooi 
tiDUOOS  galvanic  current.     Kvcn  in  healthy  frogs,  i 
sufficiently  powerful  current  sent  throngh  the 
will,  for  the  time  being,  completely  inhibit 
action,  which  is  another  proof  of  the  fact  that 
mechanism  of  living  gmiglion  cells  is  avc^^^sible ' 
phyiticul  influences.     Thu  syatomtc  crim'iit  which,  d 
the  healthy  uninuJ,  streams  inversely  through 
cord,  most  probably  oonstitotes  a  contrivance  for  ' 
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inhibition  of  roflox  niovc-iucDbt ;  and  a.  patbolo^cal 
increase  of  rcflvx  oxcitubility  is  therefore  probubly 
dependent  upon  the  diminution  of  the  iarerse  current 
stre&ming  tbrougli  the  cord. 

I  IiaTc  obsorred  tliat  in  pn.<ient«i  suffi-rinjj  irom 
nervouancsH,  djspepsiu,  tuid  incrcuDud  L-liininutiun  of 
area,  th«  inorf.  offfctivc  trcotment  is  tin;  application 
of  tbe  cord-  and  cord-nerre-root-currcnt.  No  doubt 
patients  of  this  ctoas  often  derive  great  benefit  from 
rest,  change  of  air,  mineral  acids,  arsenic,  nitrate  of 
silver,  and  other  nerre-tonics ;  jet  in  aUnodt  all  caiMM 
which  I  have  ha«)  nnder  mj  care,  some  remedies  of 
this  kind  hitd  already  been  employed  without  much 
or  any  rt?sult ;  and  I  am  sattHlied  that  none  of  them 
equal  in  efBcacj  and  quickness  of  effect^  the  oontinu- 
OOB  galvooic  current.  If  applied  in  the  suumer 
describcft  above,  tbe  currout  hue  no  direct  effect  on 
tbe  stumsch,  and  yet  it  euros  dyspepoiu ;  it  has  no 
immedi&to  action  on  tbe  kidneys,  and  yet  it  checks 
the  morbidly-incrvaMeil  elimination  of  urea;  it  has 
however  a  powerful  inllucnoe  on  the  molecular  condi- 
tion of  the  ganglion-cells  of  tlic  spinal  cord,  and 
chiefly  on  the  current  of  animal  electrici^  to  which 
I  have  jniit  allnded.  In  strengthening  tliis  current, 
where  it  is  wvak ;  in  correcting  it  where  its  direction 
may  be  pervertc>d,  it  not  only  don  away  with  the 
weakneits  and  morbid  excitability  more  immediately 
depending  upon  the  pathologfcal  condition  of  tlie 
cord,  but  it  also  ludirectly  removes  symptoms  on  the 
part  of  reinot«  orgoai,  saoh  as  the  stomach  and  kid- 
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neja,  wlucb  are  due,  not  to  a  disease  of  their 
structure,  but  to  a  perverted  and  diminUhed  nei 
supply,  which  prerente  them  from  properly  fiilfi 
their  functioiis  in  the  human  economy. 

Spinal  weakneat  likewise  occurs  in  joujag  pei 
who  have  grown  unuBuallj  fast ;  and  ia  then  g 
rally  associated  with  deficiency  or  imperfect  assii 
tion  of  phosphorus  in  the  system.  It  is,  there 
only  natural  that  nerroiu  and  osseous  matter,  w 
cannot  be  properly  formed  without  a  plentiful  su 
and  proper  assimilation  of  phosphorus,  should  s 
under  these  circumstances.  In  the  commencei 
of  the  complaint,  I  hare  found  that  an  artil 
supply  of  phosphorus  is  sufficient  for  a  core ; 
when  the  affection  has  lasted  for  some  time,  the 
tinuous  cxirrent  should  also  be  used,  as  it  consider 
[  ,  accelerates  recovery. 


Case  CC. — A  young  lady,  aged  22,  very  tall  and  of  at 
complcjcion,  came  under  my  caro  in  February  18G6. 
had  grown  very  rapidly,  especially  between  herseventc 
and  nineteenth  year,  and  had  been  ailing  ever  since. 
the  Hyraptoma  were  referable  to  imperfect  natrition  ol 
spinal  cord  and  osacons  system,  and  had  lately  incrcaw 
such  an  cxt«nt  as  to  cause  her  parents  much  uneaaii 
Being  of  an  impulsive  and  highly  gifted  nature,  she  w 
taki^  a  passionate  interest  in  certAin  things,  and  de 
many  boars  of  bard  work  to  mastering  a  subject  \r 
attracted  her  imagination  ;  after  which  she  would  be  < 
pletcly  exhausted  and  prostrated  for  days  or  weckR,  an 
unable  to  do  anything  whatever.  She  otlen  suffered  i 
excruciating  pains  in  the  lower  part  of  the  spine,  espec 
on  making  a  sudden  movement.     Sho  was  aJmoBt  enti 
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tDcapftciUtcd  from  taking  ad;  octiTO  exercisr,  jinrtiy  bjr 
pun  Odd  partly  tijr  woUcneM.  The  bone«  wcru  ten  and 
tciider,  natl  tbero  was  «i  oxoom  of  phccphatMi  in  the  nnix^. 
Ii-r  npjiotitis  MraH  very  fsnoiHil,  her  dt^cr^lioii  iruiik,  njid 
be  boneU  hnbilnallj'  coHtivc.  'I'bo  cntnin«niii  were  rc(>ulttr, 
but  pule  wid  Bcaot/.  Sbu  liwl  already  taken  n  grtst  many 
nodioiiMM,  unoBgat  which  wu  phnnphoric  acid  in  oomhina- 
wilh  iron.  1  prawrilied  plioKphomii  in  Uw  fonn  of  (Jut 
bypophcMptiito  of  limo,  ftnd  luod  the  conlinnODS  oamml  w 
cunl-  and  I'lnHl-mirvc-rooUetiTTent  three  times  k  wtwk  for  n 
month.  The  patient  vnn,  in  about  a  fortuigbt  from  the 
coDimeDCement  of  tlie  treatment,  ablo  to  vralk  oat  and 
take  actiTO  cxoTcise.  Hot  digmtion  (^rsdually  improred, 
tli«  morhidlj-tncrcoaed  elimination  of  plioaphat<ui  bj  tbu 
nrine  was  dtooked,  tho  catamcnia  becaniti  uf  n  bealthy 
ohAfiictcr,  and  the  bonco  becsoHl  loai  igafltiro.  Sho  took 
the  hjrpophoHphite  olto^her  &r  three  moolha,  itlYcr  whioli 
sho  nppeiu^d  perfectly  well.  Shu  had  bocome  stouter,  and 
ooold  walk  for  miles  withmit  fntigtio.  The  bcnelicial  viflcota 
of  galvaniiuttion  wcro  very  i^lrikinfrly  ahown,  inasmaoh  an 
at  Gnit  the  patient  oould  only  walk  on  Lhooo  dnya  when  the 
galvaniHO)  bad  been  appli«d,  but  no)  ou  the  oUmt  daj8. 
Tlio  puin  which  Khe  nied  to  fi-el  in  tbc  Mpino  dinappcared 
after  two  npplicationH  of  the  gaUaniHin,  n  eircnmstwioo 
whinh  could  not  bdUcnbul  to  tbc  inuitieiut)  iiha  wiut  uking, 
AH  this  liaa  a  Tory  alow  and  ^radohl  action  io  the  ayshiiB. 
whtlp  the  vlTcat  of  galranisatiun  is  generally  immediate. 
This  lady  was  married  in  June,  1867,  and  has  oontinwid  in 
cioellent  health. 


VIU.-BASEDOWS  DISEASE,   EXOPUTIIAUUC 
QOtTBi;  ORAVEiS-B  D1SEA8K, 

I  disease,  which  occurs  chiefly  in  female  pstientA 
TOcn  twenty  and  thirty  years  of  age,  and  the  prin- 
i  symptoms  of  wbich  are  palpitatiotts  of  the  heart, 
PP 
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pulu^mcnt  of  the  (hrraid  l>ody,  and  exf>pl)tluUii]tf| 
ia  probablj  always  due  to  diMoae  of  tlm  cerrfl 
ayinpathetic,  resultiog  in  gmnular  dbintc^iutioo  a 
perroaa  matter,  nnd  prolirention  of  coooAOtave  tia*oa 
A  paroly  inediciiutl  trttutuiiiot  mrely  doM  moch  good 
and  guJvaniMittoi)  of  the  sjinpatliotic  (p.  321)  appear 
to  bo  tb«  moat  rational  remedy  for  it.  Dr.  Wietleld' 
and  others  have  used  it  succeosfally  in  sovenil  casei 
but  a  more  extended  triai  of  it  appear*  rvquisiti 
before  we  can  form  any  deflnite  notions  nbout  ttii 
iictual  vnltte  of  tlto  current  in  BuMedow's  disease. 

IX.— PROGRESSIVE  Mt'SClILAR  ATROniV.  WASTI 
I'ALSY.  CRlJVlilLHIKK'S  UISLASK 

Tbe  pathology  of  tlii«  affection  is  ttUl  onsettl 
for  while  some  physicians  believe  it  to  be  a  pri 
diseiLKO  of  tbb  muscular  sabstance,  others  look  for 
seat  in  the  ^"ey  matter  of  the  anterior  columns 
the  oord,  and  some  again  accuse  the  ourvical  aymf 
tlietic.  I  hold  tlie  latter  opinion,  and  therefi 
dtrotigly  advise  to  treat  the  comptoiat  from  the  Qi 
by  giUvuniButiou  of  the  cervical  sym])athctic. 

ThcTv  lire  two  forms  of  tliU  diKOUO,  tiu>  fiarlial  and 
jfenerat  tona.  Tho  griDcnkl  form  bc|^tia  either  ui  tbc  apf 
or  in  th(i  li)Worextri-milii'a,Mi(l,  M  it  ulmoiit  ulwavvip, 
to  tli«  traitk,  tlircntoDS  life.  Tho  partial  furm  is 
tiBnalJy  fklal,  but  it  may  paM  into  tbe  general  form, 
tliuB  Bhimataly  canw  dcaUi ;  it  Ixigina  •itber  ih  (he  1 
ur  in  tbv  ahoulder,  geoeralty  of  the  right  ude,  and 

•  Ufilual  TinM  tad  OuMU,  KortnitMr  IMt, 
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dcwtmy  i»nnr  mnaclcs  of  Ihe  n|ipi>r  extremitjr,  wbtle  in  t]i« 
genornl  S>i'iti  all  the  volnntarj  iuu«clv«  Ibmugbout  Uie  body 
muy  ituflvr,  witli  Ike  exception  onljr  of  Uiaw  of  the  eyubkll 
and  of  niarilicAlMo. 

Wlicn  the  liiMttBfi  bc^M  in  the  hand,  the  mnitolai  of  tli« 
Ltiiimb  nn*  xt-n^nill^r  titc  Una  to  beoamo  ittftcked ;  the  tlwnar 
emincnoc  bcoomco  rcplncod  by  «  Batt«i»ed  hollow  »jmc« 
lietweHU  Um  firat  ttnd  Mcond  melftcnrpal  bono* ;  Kflormrds 
tbc  interouei nnd  himbncaioa and  the  h;rpollicDareniiBenM 
Iwoome  afTocted.  Prom  the  liaml  Ihi'  (li.->miii!  ii|tiv«dji  lo 
the  forc-»rni,  ibc  ext<rD>>ars  of  which  «n>  KHpcRiitilj-  liable  lo 
become  BQ'uclcd.  ao  that  the  flnKimt  «r«  sli^'hUj-  bcut ;  but  the 
livxor  mnsoloa  may  aUo  be  duntmynt,  and  in  this  cam  th* 
two  last  (i)ialan;;i>n  cannot  be  bent,  M>  that  Uie  palient  is 
unaMr  lo  t^mnii  or  ncixo  nnyihiug  with  the  hand.  In  other 
inalancM  wa»tin|f  palsy  tirst  iavadM  lh«  muxeles  of  tho 
ohoalder,  attacking  <riih  prffrrence  tbo  mpoxia*.  the  hot- 
nilaa  mognna,  the  rUomboJdei.  aad  ot1>er  mnacli-ii  which 
niiitv  llie  scapola  to  (ho  tmnk  ;  tlio  iwapDift  is  con«cqii«B(ly 
dtsphiocd  and  iwulcd  round  ita  axia,  ita  uj^r  angle  il 
doptVMed  by  tho  wHght  uf  Uie  am,  whilo  il«  lower  angle 
b  rabetl,  and  praJMta  one  or  two  inchra  from  llw  Harian 
of  111*  thorax.  Krom  the  alionlder  (ho  diaooiie  nproiuls 
tnwanlfl  ()>(■  ann,  destroying  tlio  dclloid  and  bioops ;  owing 
to  which  tiK'  ncrominn  and  conu.'i.)id  proceM  becnmo  pn>- 
miwint  nnilur  ilie  »Vm,  and  orninui  fanctional  disturtianLca 
fi>llow.  Although  Llio  patient*  goaendly  loarn  in  tha 
counw  of  time  to  manonivn  r«ry  olomly,  ao  as  to  compel 
niusclH  which  havo  oacapod  doatraction  to  do  iho  wnrlc  of 
Ihosu  whicli  are  wiutcd.  they  ara  at  hut  no  lotigvr  able  to 
miso  tJie  nnn  nor  to  betid  the  elliowjotnli  Ibeyoan  nnthor 
dr«M  nor  lucd  (liemaclvfii,  and  oxporivnoo  considerable 
dtOculty  in  pQttincou  a  lut  or  dmwin;;  a  luntdkerduef 
from  the  podtet.  If  the  mnsrliM  of  the  luwar  exirvmKio* 
ara  atlnekod,  walking  beooDM*  difBcnlt  i  and  at  k-ngtli 
paralyMH  follows.    The  muadOM  of  tho  obeat,  obioBjr  tlie 
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pcctonlia  mnjor,  bt>cotao  nfibctod  in  their  titm  ;  the  e)m» 
ftppcara  flhnink,  iMpecially  beneatli  Uw  eollor-bonM. 

A  cortain  fign  th«t  tho  diaoaaB  will  sbortir  prove  bt*l  ■« 
destniclioD  of  tlic  fuctal  DibmiIoi  ;  tbo  ph  vsio^qidj^  |om> 
■11  cxpromlon;  tlio  (uUrn  Bowa  involuiit«rity  ;  lU-Licnhtinu 
beoomcs  alow  uud  difliRoll;  uul  Gnallr,  Uta  nioaclM  Af 
duglndtion  luid  Uui  dtnpbmgm  Iom  tlKir  poMrpr.  Tim 
^iienitly  clones  tbe  scene,  u  Uie  flliglileA  itupediimiit  u 
rcspimuoii  wbicfa  may  snporrraa  produces  aspLjrxia. 

No  loedicina]  tr«atiueul  uppeun  to  do  tlw  Uviut  good  ia 
pKogrcMivo  mnsonlkr  utruphjr,  nnd  it  is  ciclaaivol;  to  Um 
Boatuinoaa  ^Ivunio  ourrenl  that  we  have  to  look  for  Um 
enro  of  Ibo  aficction.  FaradUnticiti  litis  bMn  furl;  tn«l 
during  tlie  last  fi(k«eii  y«ani  by  taaay  (>b«ervora,  but  lav 
been  found  wanting,  moro  cKpcmDy  in  tho  geiiervl  form^ 
the  disease;  while,  if  the  con^uunus  carront  la  aan)  tttli 
pcTKCvonaiioc,  tho  puticots  nuiy  racovcr  oven  ntUv  Uk 
disesM!  has  roduoed  them  to  utti^r  lH-lp1e«nMMa,  A  lool 
■PpliL-ntion  of  tho  current  to  lli<>  mnsclc*  is  tuwlou,  Mi 
the  oervical  syiniuithutio  oiily  should  be  meted  upon. 

Dr.  Noiininiin.*  of  Mafcdchurg,  luw  pnhlislM-d  »  tumt 
iustruoUvu  <:us0  of  this  aDection,  which  kul  procwKbd 
to  paralysis  of  all  four  oxtromitics,  and  y»t  ouRipIirt«l; 
yielded  to  tlio  nso  of  the  coDtinnons  ciimnt.  Tb 
patient  iras  a  joDtb,  agtxl  W,  who  bad  hu<l  tlitr  moulM  b 
July  I8GI>,  and,  aAer  recoveriu};  IVom  tlioiu.  had  f«lt  uuUl 
to  do  the  same  amount  of  physical  work  aa  beforv.  IJn 
went  on  uompamtively  well,  however,  nntjl  lie  owr-eMftot 
himself  considerably  one  ilny,  after  whidi  symptooui  of 
atrophy  nod  paralysis  supcrvonod  rapidly,  tbe  patioit 
becoming  comptelply  pamlym-d  within  a  month,  lie  oanr 
nodcr  tn'utment  in  Oolobcr  IHGG,  when  he  conkl  man 
aeitber  bis  arms  nor  hb  leg*.  Tliutv  were  the  nnnl 
Gbrillary  twitolioH,  bnt  tiu  sDajslhcHia.  The  diaKnosia  <ns 
rendered  certain  by  barpoening  a  piL-oo  of  mutole,  and  es- 

■  Bnlk«  UiaiKbt  UToThanKtirifl,  ScptrmUr  H.  IBM. 
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ftminin^  it  miemiicopinklly,  wh«n  Ui«  dinmot^r  of  tho  nite* 
iiiljir  libn's  •pfnoiirtii  diminUlinl ;  tlisre  were  pUntj-  of  fni- 
globulm  of  ■liSvront  niu,  ftnd  tbo  trMiKverao  atripcs  wcr« 
luoatlj  gone.  lu  December,  IB^,  tbe  pnticnt  won  not 
nblo  to  tnako  Mijr  loorcnient  except  to  tloi  th<i  ^itgcra  wij 
idigfatlj,  to  Dod  bb  head,  to  brooUie,  Hud  to  m&utioata  and 
nwkIIoh  his  food.  Tho  expalmro  puwtrr  nf  t.ho  blndilvr  and 
rvolom  rcmiuticd  uAnnal.  Kledru. muscular  coatracUIitj 
was  con«id«nibI/  dimioisbod,  l>at  ibv  appctilo,  digf«tioD, 
aitil  »]Mp  werv  «xc«l)eiit. 

At  finit  tlif  iiidnced  eurrcnl  was  npplicd  to  tbo  miuolM; 
bat  M  Uto  ]>aliont  gut  worae  nnder  iu  u»o,  tbe  oonlinoona 
currant  of  twonty  colh  of  lliinipirii  bftttcrjr  wiw  directed  lo 
tli4)  Kjrmpatbvtir,  tli«  imuiUtl'  pole  being  on  tli«  ii«ck,  hikI 
tlt«  negative  on  tlw  t1iro«t,  five  m!iiat«  to  cnch  nde,  for 
tlirco  muntliB  every  day,  nud  tbon  Iho  ttegntivo  jwlc  wos 
■|)]tUed  lo  tlie  upper  cerricftl  ganglion,  uid  tbe  poutivo  <o 
tho  lower  ganglion,  likfwinc  for  6ve  niinuteH  i-«oh  lime. 
AAer  a  week*s  treatment  lio  foil  more  poirer  in  tbe  ox- 
iramiUcs :  nnd  in  n  fcvr  weelui  more  a  nral  inerrato  of 
power  ooold  be  )Mecrlain<^t.  lit  lint  in  tbe  leg*,  nnd  then  in 
tli«  BTtoM.  In  May,  I>!lt!7,  ho  conid  walk,  itltlionKh  ktill  in 
un  ttwkwanl  innnner.  [n  S^'plvmlwr,  lfi67,  tbo  mnacloH 
wera  again  eiaroined,  and  still  found  in  a  (ttat«  of  folly 
degotwration.  In  October,  I8li7,  the  pnti«nl  ouutd  put  m 
jAeoe  of  brcnd  in  Iiih  month,  E^rom  Jannory,  18C8,  tbo 
hnpror lament  began  to  progre«K  rapidly,  and  in  April  tbn 
gBlvnnuim  wat  diicontinucd.  In  Uay  tlio  miudes  were 
Qgftin  oiantined  ;  it  wtui  found  that  the  iTunarene  nt  ripe* 
had  rD-appenrc<l.  and  that  tbero  were  only  very  few  oil-glo> 
bales),  hut  that  the  IntiiHTenia  HtripM  were  not  yet  quit« 
K>  diatincl  an  Ui«-y  wera  in  healllL  Tbo  inlra-mnseular 
tunru  were  fonnd  pvrfeclly  hunlliiy. 

Thii  COM  wiiH  remnrkahl*  by  it«  rapid  prt^n-iii,  as  lIid 
diociiSD  bMumo  fully  di^veloped  in  two  and  n  half  toontb*, 
die  paralysis  being  proportionate  in  degrvn  to  tbo  ntrophj, 
and  both  oofrespondiiig  in  extent  to  tlie  degrco  of  eketro- 
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mascnlar  contractility.  The  &ct  that  the  periplmd 
nerves  were  foiiTid  he&lthy,  epevks  against  the  origin  of  the 
disease  in  the  brain,  cord,  or  Rpioal  nerrea,  while  tbe  result 
of  the  treatment  supports  the  view  that  pro^r«asiTe  mils' 
calar  atrophy  is  a  disease  of  the  sympathetic  system  of 
uerres. 

X.— DIABETES. 

Whatever  may  be  the  natare  and  cansatioQ  ef 
diabetes,  there  can  be  no  donbt  that  the  parts  forming 
the  floor  of  the  fourth  Tentricle,  and  more  partjcn- 
larly  the  roots  of  the  pnennK^astric  nerre,  play  a 
considerable  part  in  its  prodactioa  and  continaance. 
Jt  is  likewise  certain  that  the  continnons  galvanic 
current,  when  applied  to  the  pnenrnt^stric,  is  trans- 
mitted to  the  floor  of  the  fourth  Tentricle,  and  galva- 
nisation of  the  va^s  seema  therefore  to  be  a  rational 
remedy  for  diabetes. 

Signor  Mariano  Sonimola*  has  fonnd  that  electrisa- 
tion of  the  vagus,  both  by  the  continnous  and  induced 
current,  causes,  in  diabetic  patients,  constantly  a 
diminution  of  the  quantity  of  sugar  excreted,  and 
sometimes  also  of  the  quantity  of  the  urine.  The 
effects  of  the  proceeding  are  either  temporary  or  per- 
manent, and  may  lead  to  a  cure.  In  those  cases  in 
which  the  effects  are  permanent,  he  believes  the 
diabetes  to  be  an  idiopatliic  neurosis ;  but  where  they 
are  temporary  he  suspects  the  presence  of  stmctural 
lesions  in  the  fourth  ventricle. 

*  Coniptts  rtDiIu*,  1S61.     Vol.  liiL  p.  399. 


cnar.  v.] 


ailEl'UATISM. 


M3 


' 


XL-ltUEUMATISM  AND  SKBOUS  EFFUSIONS. 

In  nfiiW  otul  clironic  rlieumatiitm  of  the  mtuoles, 
both  fanuliiiiition  Diid  giUvsuuiatioii,  whuii  proporlj 
tfiaplojrud,  urc  inTaliwlilu  rcmotlius.  1  Imve  frfquunUv 
cured  casus  of  very  long  standing,  and  in  which  the 
patieiitti  themsetvea  bud  olmofit  dea|>aired  of  a  core, 
hy  one  or  two  aiipIiciLtiona.  Uhetmiatic  effusions  In 
the  joints  ore  likewise  aiuenahle  to  farad  isittioo. 
which  DiUdt  in  this  iiutoncc  be  coDtitiu«<l  HOmewhat 
longer  tlian  u  neccMiar;  for  th<!  relief  of  muscular 
rltcumatiifin.  If,  bowovor,  the  oflutiiuuii  arc  cunsidvr* 
abli',  gaUoniftation  is  itrcfcnLblu  to  fiLradisation ;  and 
Iwth  remedies  mmj  be  uned  together,  if  muscular 
coobvctioDS  arc  pre«ont.  TlieftC  coutraHion8,  which 
frequently  rotiist  a  purely  mt-dtciual  trcutniont,  an.- 
readily  cun>d  by  a  proper  u»e  of  the  continaons  and 
induced  current. 


Cabs  67.^T.  C,  a  maaicbn,  tufd  ^1,  Wl,  during  a  iour 
in  Scotland,  tn  tho  mmmor  of  iHStl,  mulrncted  sevore 
rbcnioniinn  in  tlie  right  abauUer  and  arm,  which  provMitod 
hiiu  from  followiiig  hU  occapatioo.  lie  liad  fulluirud 
varioii*  oonrtw*  of  ttvnttnont,  aad  tnkcoi  largo  qiianbiiivH  of 
nitro,  bioarboaate  of  aoda,  iodide  of  potoaaiDni,  and  gui^ac. 
Tbc  pain  wa«  rcUsved  aft«r  a  tini«,  but  it  ocvnr  antimly 
Ipfl  him,  aiid  n  cnnKiiliTublo  contmctioo  of  the  8cxAr  tnofc 
ole*,  both  of  tlici  arm  and  furfr-arm,  reinaaned,  (br  which  all 
renicdios  proTcd  uwkM.  Me  conraiU<d  ma  in  September, 
18tll,  wb«n  I  (bund  tli«  arm  in  tlie  fallowing  conditiaa  r— 
Thoru  wad  a  oorlain  dcigrac  of  aiiastliena  in  tlie  arm,  for 
the  patient  did  uoi  feel  the  prick  of  a  pio,  nor  could  lia 


SM 


ELECTRO-THERAPEUTICa 


[OHtf.  «. 


dtstingnish  thp  two  point*  of  tko  mthrtiionioUtr  whm  held 
•t  the ufliul  disUnoe.  HeoomplainedDf  ndullaohinf^pttin, 
which  nl  tdmos  boauno  lutato,  nod  ^n»  rory  mwotb  wbim 
bo  [^t  into  bed.  The  fliif^-nt  were  verj-uumb.  Tbebutps 
ftnd  brnchiiiliii  ititrrnuH  miisclm  wcn>  so  conlrsotcd  thnl  the 
mnn  wks  (lexcd  in  ati  hn^h  of  ubiiul  6^',  and  ooald  nol  bo 
extonilird ;  tbd  fl<;zor  digptomm  conuaunu  wiw  »t»o  ngid, 
kltlmui^h  in  a  It^s  coiudtlernble  dogree,  wid  the  intcroKMi 
ftnd  liimbricalti  wore  so  mnch  n«fit«<d,  ihitt  tlw  bund  wm 
iivurly  uai'le'M.  Tbo  bulk  of  both  arm  and  font-urra  woj 
ronsiricmblj-  diminiHbcid,  being  only  ten  and  k  bnlf  invbci 
»t  a  poiiil  eight  iochea  (UiurnwardH  frum  tho  aL-rumiuii,  and 
only  Riiio  iuchoH  nt  a  point  tbrco  inchra  (lownwafdv  from 
the  oleenuion :  tho  eorreaputidinj^  uumbi^n  Tor  the  left  ana 
bikini;  thirti'i-n  iinil  ti>n  and  n  quiirter.  I'hf'  goni'ml  lieolth 
(if  the  paticut  woa  toli^rubij-  good,  but  the  a|)ficUte  waa 
indiUcrpnt,  and  tho  orino  waa  loaded  with  nmtcH.  I  pt«- 
■Dfibt^  Viahy  watorto  be  taken  internttlly,  and  fariuIi»atioii 
and  galvaiiiAaiion  of  tho  right  arm.  Tho  result  of  tliia 
trwittnpnt  wil%  most  xntix factory.  In  the?  i-onrno  of  a  wvck 
tlid  pAui  diMippean-d.  Soon  aflvrvrurd-i,  thu  riffidilT  of  the 
mmiclRX  Ix-giin  to  subside,  lensation  wan  nvottabliKlivd,  and 
tho  right  arm  iuurcaaed  so  much  in  bulV,  tliat  after  three 
wocksit  equalled  the  hit.  In  tho  mcAnlimetbrnrine  had, 
by  the  u«o  of  Vifhy  walor,  hoi-omu  tyaiiti  olear,  anil  the 
appolit«  wai  mnch  boMor.  Tho  int«ro8Mi  and  Inmbrical 
mnxclcH  were  niofit  stubborn,  aud  only  Hbowcd  sIgDB  of  iio- 
provoRiont  at  the  end  of  tho  thinl  week.  Th«y  than 
rapidly  n^gaiiiHl  pnwor,  and  whi-n  tho  patient  diaoouLinuod 
the  treatmoDt,  after  having  boon  andor  my  cam  [«■  fiw 
weeks,  ho  was  in  every  reapiset  iu  excvDont  health,  and  able 
to  raume  his  avocation. 

Caab  68. — RkoKmatum  in  the  Shoulder, 

Dr.  T.,  agod  -t7,  had  been  a  Haffinvr  from  rhenmatiam  in 
the  left  shoulder  for  more  tbaa  tvna  yt*n,  wh«D  b*  cami 
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indcr  nij  care  (1R57).  Ho  Iwd  tried  nlmoKt  btcfj  mcanN 
for  tbi!  ruliof  of  the  pain,  wbicli,  especially  in  autumti  and 
winter,  bocai&e  rory  tmiibl>-«oino ;  ho  Iiiu)  hIro  oKnl  gnl- 
rantsm,  applied  iu  tbc  oM-fn8hio:ied  wiky  of  ticiidin^f  (Jie 
cnrrcnt  tbrniigU  bolli  nrtnn,  tmt  witbout  amy  hencRcM  nlTcot. 
Faradiaiktion  i>t  the  akin  was  mHorlcil  tn,  and,  afVtr  two 
operations,  tbo  pniu  vraii  gooo  niid  biw  not  kini!<!  mtnmcd. 


Case  60. — Rheumaiifm  m  the  Kne*>-jaint. 

An  ofGccr,  ng«d  S4,  came  under  my  rare  in  Fobnuuj 
iBC7.  lio  had  biirn  n  long  timp  in  Indin,  and  had  for  tfao 
Wt  thn»  at  four  ycunt  HOtervly  auflbrvd  from  rlionmntiiim 
in  the  knci;.     Six  month*  ago  be  had  a  course  of  the  iruton 

Aix-la-Cbapo!le,  whiuli,  boweror,  (bd  him  no  goud  ;  and 
largo  nnmber  of  other  remodics  botli  internal  and  external 
been  o«cd  and  found  wanting.  The  right  knee-joint 
was  Homowhat  eolarf^ud,  and  th^ie  waa  incomplete  aiiv 
athetfia  in  front  of  the  jeint.  Tbo  posili^o  pole  of  fortyfire 
C)>llii  wai  nppliod  ti)  tho  kniw  for  fire  minnlOH,  thr  negnliro 
pole  beinf;  placed  alt«niately  to  the  thi|;h  and  the  ief[. 
Aflor  the  Itnt  appli<»tion  Uiu  pnin  wont  away  complotely 
for  six  hours,  and  aflor  ibe  seooud  Uie  patient  tVEnained 
(rw  from  pain  for  a  whnle  day.  The  applicotioni  werr 
continued  ovqij  olbor  day,  and  after  the  patient  liad  been 
under  my  tnatmont  fur  a  month,  be  bad  coinplclely  ru- 
Gorercd. 

Jth^umatie  gout  yields  to  tlie  oontmooas  cnrrcat. 
but  the  treatment  most  be  persevered  vritb  for  a 
conaiderable  lime. 

/fyrfrarfArwnji. — M.  Van  IlolsheoV  has  recorded  two  nuws 
of  dropsy  of  the  knoo-juJnt,  whiah  were  cured  l-y  him  with 
elect rci- pa nctum.  He  put  two  ocedln  in  the  sac,  cennoolcd 
tJtem  with  tbo  pules  of  an  indui'tioo  machino,  and  aont  Ibc 
current  tlirough  tho  knov  fur  a  (inarler  of  no  hour.     Tbv 
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eflbsion  waa  Bt  nnoo  dimfubbcd,  and  next  mrimiDg  Ibo 
Nvrelliog  liad  di-s{>pesi'ei).  Ho  now  pat  n  lmii(UK«  on, 
re]>(«t*)d  Uio  oporation  voce  more,  aod  in  a  fow  Juj-h  tlui 
oniv  vrft«  cmnpli-te  and  penuam-nl. 

In  mild  caKS  the  exteruat  application  of  Uie 
continuous  ciitrent  is  sufficient;  while  in  Borcrc  caaea 
eitlier  (iirudo-puni.'tDni  or  tlie  c!cctroI^ic  trestmeilt 
ia  preferable.  The  magnoto-cluctric  current  ia,  in 
UiJB  disease,  more  eBecti?e  thau  the  electro-mag- 
netie. 

il.  TripicT*  liat  publinhed  a  cmp  of  hydmrthroria  of  jJM 
koce,  uf^ix  wcekfl*duralioD,iti  vhichtben  wMOODttdmi^^H 
efl^tHion  in  tho  joint.  A  oantiDuous  cnrront  n(  forlj-foar 
mnall  coIIh  of  prolosulphale  of  ni«rcury  wa»  uppUcil  by  larga 
iiiointt-iied  eloctrodca  to  tho  eidcM  of  tho  knm,  for  Lwen^ 
ininnUn.  After  two  Nuvh  application*  tho  liijoid  liad  di^ 
appeared. 

Dr.  Longot  baa  recorded  the  fullowiug  oasd  oT 
ademaioug  twtUing  of  (Ac  /eet,  which  waa  cured  by 
the  continuouB  current : — 

A  piintcr,  ngod  32,  complninml,  alUr  a  long  walk,  of  a 
burning  M-niiutioa  in  Ifntb  fi-L't.  Buing  obligod  lo  work  in 
a  standing  puNition,  Rovero  pnin  at  ta«l  came  on,  and  tlie 
joint*  became  so  swollen  an  lo  bv  twiett  thdr  nniial  birc. 
He  uf»ed  UuHsiaii  bathit,  loral  tapmir  biith*,  bliitera,  oolehi- 
cotn,  iron,  quinine,  and  iuilidc  of  patojuiium,  witbont  tnocb 
IxmuBt  lie  could  only  walk  by  tJie  aid  of  (no.it idcM.  Ho 
font.inno'l  in  this  nliile  for  thrcp  yt-am.  Tl»e  juinlfl  were 
tbcn  Btill  double  their  normal  rim ;  they  wcra  tcnilnr  and 
atiCr.  Tbfl  goneml  beotth  woa  toUtrably  good.  A  oom- 
tinooui  ourmut  of  thirty  ucUa  *ra«  now  scat  fur  twea^ 

*  lUnu'l  dl'tlrttrolMraiiEt^  p.  3S3.    Pbiif.  IMt. 
r  Dcuucbc  KliDik,  Uti  9, 1S08. 
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minatM  oonUnniitirolj  through  Uiv  left  toot.  Tlic  noxt 
day  the  foot  was  lew  pninfnl,  and  tlic  patJoot  could  step 
oDt  moro  cnsilj*.  KaoIi  foot  wnx  now  gnlvsoiwd  for  tinotm 
minuU'ii  at  a  time,  aod  iiitcnuil.li-nt  galraniaiition  of  t)ie 
UBflclM  of  t]io  leg  combtniNl  with  il.  A  rapid  iinprovcrnu>nt 
followed.  Tlio  pain  and  Birolltnur  dimiuiiilicd  from  da^  to 
day;  aAer  ten  dajra  Iho  joinU  wore  froely  movable.  After 
tlircw  uv-cka  tlie  awellitif;;  uad  piuii  vow  enlircly  goov,  and 
tli«  p&liool  conld  mUk  (|ait«  aa  well  aa  beforu. 


Xil.— DISKASES  OF  THE  EYE 

I  have  already  apok^n  of  the  eleotrio  treatment  of 
parulysU  of  (lie  uiotor  uenres  mid  muadcs  of  the  c^'e 
(p.  'VU2),  of  amblyopia,  auiatiroitis,  and  veokneiui  of 
M|*ht  [p.  534),  and  of  pliotopbobia  (p.  562).  A  few 
worda  now  rt-nuiin  to  bo  said  on  tbe  use  of  eleotrioitjr 
in  oiMioitiei)  of  the  cornea,  and  In  catarnct. 

I.  OpaeitUt  of  fJU  CAmra.~-Tb«  8light«r  kinda  of 
op(u:iliv«,  wbicb  are  t«rmud  ntbulte,  yu'Id  readily  to 
thu  application  of  tbe  nontiimona  cQirent,  while 
tbick  opacitii-s  (Itiuomn)  ore  more  obstinate.  Tbcae 
are  duo  to  more  or  less  severe  iullanimatory  changes 
ill  the  comeul  and  ejiitliolial  ccUb.  OpacJtiea  which 
are  due  to  ciciitricuil  hardening  ore  iuciurable.  A 
host  of  local  remedies  haa  been  recommended  for  tbe 
cure  of  opacities,  and  amongst  them  electricity.  In 
184i,  Signer  Isiglio,  of  Corfu,  treated  some  cases 
fluocesafuUy  with  it.  Signer  Qnadri,  of  Naple*, 
U.  WiUebran.l,  of  IMsingfors,  luiJ  Dr.  Tilrck,  of 
Straeboui^,  followed  in  hi»  sLcps,  and  Prof.  A.  Von 
Giaefe  etutcs,  that  in  a  nue  where  both  corueas  were 
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opaque,  ho  employed  clcctririiy  on  one  eye,  and 
nitrate  of  silrcr  or  laudanum  on  Uie  oUier,  and  tliat 
electricity  was  more  rapidly  sucpt-^Hful  thui  tlio 
obeniical  irritants,  Mr.  Soi'llxTj:  Wells*  Bays  that 
electricity  was  formerly  in  rogue  for  ihe  cure  of  thcae 
itffoetions,  but  has  now  fallen  into  disuse.  No  doubt 
there  ore  miiny  other  means  by  which  those  opacitiea 
may  bo  removed;  but  I  am  inclim^  to  think  that 
electricity  is  in  some  cascti  moru  useful  thun  chnmi- 
cal  or  mechanical  irritation.  The  treatment  of 
opacities  by  the  induced  current  is  no  doubt  tfldioos, 
but  the  oontinnous  current  is  more  rapidly  fiuccessful ; 
Bud  it  it  well  known  that  oculists  have  not  yet  given 
ft  &ir  trial  to  the  continuous  current  in  this  affection. 
It  may  be  applied,  either  1o  the  closed  eyelid,  by 
means  of  a  moistened  sponge,  or  by  a  blunt  gilt  or 
silver  conductor  directly  to  the  cornea.  In  the  latter 
instance  a  rery  ^ntle  current  should  bo  used,  ami 
the  application  must  be  short  ^Yberc  the  curreot 
is  applied  extcrually,  the  operation  may  bo  longer 
und  stronger. 

Oass  70.— H.  T.,  nged  19,  roocivcd  in  May,  1862.  a 
violvtit  blow  ou  iliu  lell  temple  Trom  a  crick«t-MI.  Ho 
was  at  first  quite  stnnncd.  und  Toll  grcst  {»in  in  the  bead 
for  ravcral  days  al^erwarJs.  Tbu  conjunctiva  and  vomaa 
of  the  Ic^ft  pye  thpii  became  inflsiucd,  for  wliioli  tbe  |H>tieDt 
wiM  pat  OQ  a  cotirxt!  of  mercnry  ;  bat  nithciugh  liis  nyiiteai 
was  much  affected  l>y  tlial  dru^.  tli«  eye  did  not  itel  lietler. 
Hcrcnry  vrss  tbonifuro  givvn  iip  aftor  a  titno,  aixl  otlier 
trvalmcitt  resorted  to.     The  inflaromatioTi  (rnul<i'>lly  '<ib- 

•  Loc.  dL  p.  lU. 
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■ktcdi  but  a  ootutulcriiblo  opocitj  rcmuticil,  whicli  covered 
the  whoU)  extent  of  tbo  comes,  and  vta»  tliiukesl  In  tliv 
lower  porlioQ  of  Ibnt  tnomlininp.  Vinion  wm  almost  en  tirelj 
pnTsnUd  by  it.  Mr.  WiiiUi  Codpcr.  vrbom  U16  patient 
coniiulteil  in  Jalir,  1HG2,  lU(^u);)it  thnt  vli-ctricily  woald  be 
tJiQ  bt'St  mctinti  ul'  promoliiig  the  abHurption  of  the  dpaoity, 
■nd  unt  biin  to  we.  I  combined  faradiMttion  witb  gol- 
irauisfltion,  itie  nef^tive  polo  being  directed  to  tlie  clowd 
eye,  nnd  Uie  potiitivo  to  tbc  tcmpic:,  *o  aa  to  aliiuutato  tbe 
infliicTico  of  the  firat  branch  uf  the  trigeuiinal  nerve  ttpon 
the  nutritivo  procesMM  in  Uio  oyo.  Tbo  patient  ([nickly 
improved  under  tlnx  treatment ;  ftnd  when  be  di±«ontiuued 
it,  after  baving  bod  twcnty-foar  ap|ilicatiot»<,  there  only  rv- 
maiiied  a  very  liiiii  liltn  on  the  cornea,  whieb  was  but  per- 
ceptible on  c)i»e  exwninatinn,  and  iiappdinl  riiiien  ncarcely 
at  all.  A  compIet«  cure  would  probably  have  re^ultMl,  if 
tbo  patient,  who  did  not  liro  in  Town,  hiul  been  able  Ut 
pursuu  tbo  treH.tmtint  n  little  longer. 

3.  Caiarael. — Crugsel  imH  Lorohe*  have  made 
some  oxpcriuiCDtd  on  the  dissolution  of  cataract  by 
the  aid  of  electricity.  They  found  tliat  if  the  xjnc 
pole  of  a  Toltaio  pile  »  applied  to  a  lens,  Uiia  !b 
renderetl  opaque;  and  tJist  tlic  opacttj'  diHuppoora  if 
tlie  copper  pole  is  aiterwanU  directed  to  it.     Ilonce 

ly  concluded  tliot  it  mi^bt  be  possible  to  dissolre 
cuturuct  by  the  application  of  tliu  uogatiTe  polo  of 
tiio  pilo  to  tbe  eye.  Mattencci  t  asserts  that  cataract 
cannot  b^  dissolved  by  electricity  ;  but  wre  hiivp  the 
authority  of  Or.  A.  von  Qraefo  J  for  the  contrary.  A 
few  cuacti  of  cataract  bare  boon  treated  by  Craaael 

■  H-diiiniteh«2n'tngd«TcrNMMft    IMl. 
t  Ooun  cf^taotrtphpjola^    Puit,  ISM. 
1  DriilMhc  Khnik.  lUI,  p,  tit. 
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with  paivBno-pancture,but  tlie  oporationwas  followed 
by  iuflammation  of  the  cborioidea,  iris,  and  retiiiu, 
and  destructjoa  of  tlie  ejeboll,  luid  U  tliL-rvfore 
unjustifiable. 


XIU.— DISEASES  OF  THE  ItESnitATORY  OliOAKS. 

1.  Otana. — In  ca^es  of  ouena  which  ro«ist  a  oon- 
atitutionitl  troutment,  uid  wasliing  out  the  carity  of 
tlie  nose,  a  combinntion  of  elcctrolysia  with  tiiradi- 
Bation  ma;  bo  oecfuUy  eiu  plowed.  B;  electrolysis 
the  clota  of  conpL-iilud  mucus  which  plug  up  tiic 
iiostrila  are  melted  and  removed,  while  fanutisntiotl 
aflbrds  a  hcaJthy  iitimalns  to  tho  mucous  membrane, 
and  enables  it  to  retuni  to  it«  normal  condition. 
Constitution  111  remedif-'s,  howcvor,  should  not  be 
neglected  while  the  electricity  is  being  used. 

2.  PUuritic  effuawn*  and  ompyenui.— Serotw  eva- 
sions Duy,  OS  a  rul«,  be  cured  by  anything  that 
cauBOs  an  alteration  in  ttie  secernent  function  of  the 
serous  membranes.  It  may  therefore  be  supposed 
that  electrolysis  (p.  S34).  which  can  effect  such  iw 
alt«ration  mechanically  by  the  hydrogen  which  is 
developed,  chemically  by  the  free  alkali  wliich  appears 
at  the  negative  pole,  and  dynamically  by  it«  sivecial 
actiun  on  the  vaiiomotor  nerves,  will  in  course  of 
tJme  prove  of  the  greatest  value  in  obstinate  pleuritic 
effusions.  Whatever  may  be  said  by  tlic  supporters 
of  tlie  openttion  of  pamcentesis  of  the  thorax  for 
plooritic  cffusioas  and  ompyoma,  it  is  certain  that 
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,e  profossioti,  as  a  whole,   look  with  ooasi<Icnil>le 

distrust  upon  that  pn>ce«<ling.     It  cannot  bo  domed 

,i  the  fluddcQ  withdniwnl  of  a  lurgo  tgaaatitjr  of 

uid  eometimoB  induces  collupeu,  luid  the  inti'odnctioD 
[of  air  into  the  pleural  cavity  id  aJso  fn-queut  enough. 

oreoTer,   suppuration  generally  takes   place   nft«r 

:0  opcmUon,  and  Uio  patient  may  sink  from  ex- 
1iau§tion  and  pytcmia.  I  luny  pt^rhupM  ho  allowed  to 
recall  liere  tho  remurlcs  mode  ten  years  af:;o  on  this 
operation  by  a  great  mooter,  the  latu  Dr.  Addison,* 

ho  had,  from  the  numerous  eaucs  wen  ewry  year  at 
Gny's  Hospital,  come  to  the  conclusion  that  pnra- 
Centcsi^  of  the  thorax  was  one  of  the  worst  and  most 
deceiTing  oporutions  in  j^nentl  pmctioe.  *  A  seroos 
cavity  *  (Dr.  Addison  said)  *  is  almost  inrariably 
ohanged  into  a  cavity  pouring  oat  pnnilent  niitttvr 
by  the  lint  operation,  and  the  thick  k-athcrlikc  fuW 
mouibnuitis  lining  tlie  plenn  soon  make  tJio  opemtiou 
om  of  great  difficulty  and  danger.'  I  therefore 
IioiH.-  thut  the  I'li'ctrolytic  treatment  of  these  «ffusk>iu 
_  will  8O0D  ho  curried  into  practice. 

I' 

H  I  hare  already  iipokon  of  the  galvanic  treatment 
of  loss  of  tadte  (p.  539),  and  difliculty  of  swallowing 
(p.  £06) ;  and  now  proceed  to  mention  some  other 
tOeotJons  of  the  digestive  tract  in  which  an  electric 
tment  may  be  of  service. 

*  The  l^ucct.  NoT«mUr  IT,  leU. 
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1.  StrieiMre  0/  (ho  aaophagm. — This  disease  Iiaa 
biUioHo  ofltiTcd  incapcrablc  im|w>liiaenta  to  oUier 
remedies,  u-n<l  gcacr&.ll]'  led  itii  TtcUuis  ttirougb  u 
terrible  eeriva  of  sufferings  to  deatli  ttom  stArvation. 
I  hope  tliat  in  such  olsm  vlcctrolyaiH  may  urvntuaU/ 
prove  gaocessful.  Tbe  inatrurocnt  dveoriU-tl  on  p.  S8d 
should  he  iiitiTMluced  ta  the  aeat  of  the  atriclurr, 
and  be  connected  with  the  negative  pole  of  the 
battery,  while  tlio  positive  electrode  tuay  bo  placed 
on  the  chi'Ht  or  the  back.  Five  mioutea  would 
probably  suffice  to  destroy  a  stricturo  of  modcmte 
dM.    From  twenty  to  thirty  ocUa  should  be  used. 

2.  Dyrpfpnti. — In  most  forms  of  dyspepsia  fara- 
disation of  the  stomach  and  intesUnos,  and  j^vaiii- 
tatioD  of  the  cervical  sympathetic,  ore  osi^Ail,  bnt 
more  vs[iccinlly  iu  Uia.t  form  which  is  called  '  iiorrous 
indigCKtion.'  A  8i>ecitt]  form  of  dyspepsia,  which  is 
connected  with  increased  climiuatton  of  urea,  bu 
already  been  considered  [p.  572). 

A  bod  case  of  indijitcation  owin^  to  OTer-«ataii|^H 
and  8ucces»fully   treatud  by   fanidisstion,  Itaa  bcuP 
recocded  by  M.  Bonnet: — 

Be  was  culled  to  see  a  fprl  wLo  had  eaten  an  cnarmoiu 
quantity  of  fig*,  ftnd  Ixmtnn  oonvnlsod  tlie  ni^cht  all«r. 
Uor  pa{>it!i  were  dilulod,  thi.'  puliti*  tiiuuU  and  rapid,  Uio  jkwi 
firmly  cicncheitl,  t.ho  ikbdoRKTO  Imril  nod  full,  sod  cutisoions. 
ness  loKt.  Cold  funienuttons  tc  tlie  bead  and  tlirea  |>nrf>tt- 
tire  eneiDM  li*d  jiroduccd  no  uflbut.  M.  Iloonot  tbca 
iiitroducnl  the  positive  e1«:trude  of  an  induction  appaiatus 
into  tho  roctiim,  aad  plaood  the  negative  on  tbo  abdonen. 
The  uiuouli-t)  of  tbe  abdoniaal  pahetes  immediatAly  bsiBia 
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to  contniAt ;  aft«r  two  or  thrc«  minatcii  tbc  positiir«  oloc- 
troile  •noa  linrl^nl  onl  of  the  rcctuni,  togetlier  witli  au 
voonnoiut  qnikntilj:'  of  nndigvvtvd  figs  amJ  faxal  natter. 
The  girl  at  once  recoTered  Iter  oonBciouscraa,  ud  wu 
4|B)Ui  woU  oil  tbo  toUowing  Any. 

S.  FMntJtmf.— Obstinate  vomEtiiig,  frum  whub^ver 
cauae,  is  oft«n  promptly  pt-liovcd  bj  fiirudisation. 

il.  Pnppor  '  hns  publiiilied  the  caw  of  n  girl  who  bnd  fi>r 
tg  iiriii-  sutlVrrcd  IVom  voiniliii;;  iniiiieiliaU'l}'  tSlcr  )i«r 
Js,  nnd  WM  hkcwiiw  tranblcd  with  meteorism.    Tha 
Mhdoineu  w»a  «xtT«mel;  Benntive  to  preMore,  and  tliw 
bowvls  hnlntDull}'  ooHtivA.     Alter  n  ^rmt  mnny  i-miedtefl 

I  had  been  osed  iritbout  nv&il,  M.  Po|>|tL>r  ronorti'd  to  fnmdi- 
Bttli^tii,  pkc-iiig  both  olectroda«on  tlie  Ktomitcb,  nnd  k{<epmg 
pp  the  uL-tiou  for  five  minutes.  The  |[irl  won  tbcii  alIon«d 
lo  onl,  nud  robuDod  her  food.  Twolvo  toore  appUcotioos 
inn  made  aud  a  complete  core  effeoted. 
I  4.  Bw-tichtets. — Although  sea-sickneas  is  pro- 
t)ablj  a  disordur  of  the  norvoiut  evstom,  it  miiy  fiod  a 
Ijtlucu  liurt',  oiiuccountof  its  priucipul  syiiiptoiu  being 
hicknees  aud  rouiiting. 
,  Dr.  Dwinclln  t  hu  given  an  aocoonl  of  M.  Le  Gonial'* 
Inodoof  trr-KtingseiuBickneiiabj&radiaationortboatoniaeh. 
Be  &m  s[>]>liM  a  aolntioii  of  aulphalo  of  atKopLiK  (a  grain 
to  tlw  oani.1))  iivcr  tUu  akin  of  tbu  stouach  ;  but  it  ia  not 
'  siid  bow  (bia  solatiuti  is  a{>pUod,  or  bow  tnoch  of  it  ia  luiod. 
After  thia  ho  pnta  the  nc^tive  eteoUwlc  of  nii  indnotion 
a|i[Htn>tiu  terminatitig  in  a  flat  diHC,  oror  the  akin  corro- 
a|tondi»g  to  the  pjrlotic  irad  o\'  tho  Htomacb ;  and  bo  then 
paseea  the  po^live  electrode  tvnainuUug  in  a  moiiit  )i|iotigc, 


■  Oalrr.  'MttcMtt  fVr  f«utueb«  HpilkniiiL^  IKS,  |i.  )U. 
f  Ntf>  Ywrk  lUdkal  Joonul.  ISM.  Pl  aM. 
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•eroBi  tlie  skin  fn>m  ilie  eftHinc  to  tlie  pjrionc  uri&t«i 
when  Uie  miiHclDii  are  seen  to  contnu.'t  vijipyroiialjr.  Tlio 
Ocelli  anr  Motlihig  muI  rRfrcHhing,  uid  grainmllj  aocam* 
[tanicd  wiUi  drowsineaa,  followed  by  nfrt^hwn  sWp.  11, 
Le  Coniitt  dnimg  lo  ran-  by  this  ptw«'iUnjr.  ■!  Irast  niitvtf 
{•or  ntil.  of  ilic  patk'iits  mBbnug  fi-om  M-A-sk-Vni-ta  :  knil 
believes  bimwir  nUlv  to  ooatral  tbu  Viitiiiling  iiuil  »)c4Eti«S9 
of  prc^nncv  by  tbs  aavae.  Dr.  Dwinvllt)  tucnliooa  Ibe 
(.■aae  of  a  Indy,  wlio  eroasod  ovar  fraia  Itrv«t  to  Ni-w  ITorit, 
iiRiI  wbo  tutffHix'd  from  tbe  wont  fnnn  of  «ickii«M,  th* 
vomiliiifT  nnd  vtolimt  wtdiing  hnrin^.  on  tbn  encond  ilny. 
bocu  followod  by  conmkioiiH  luiil  «xrn-tiit'  imwtnctou.  By 
oae  applicfttion  of  ftlropintf  lUid  vlcctricity  the  nvJcncm  wm 
completely  an-ettttMl;  llii-  lady  boj^n  to  mI  wiili  a  rcliah, 
and  kept  prrfi-clly  woll  nntil  licr  arriviil  at  Now  Yotk. 
&(o«t  of  tbe  pasMentrera  by  Die  wme  stmuer  Mllei«i)  from 
Mia.&ickiic«a,  and  wore  complotvly  tmA  Tram  it  by  one  or 
two  ai^licKtiona.  M.  Lc  Conial'ii  llwory  ta,  tlut  tu«-aick- 
ii«M  in  indncc^l  by  electrio  disturbaiMX)  tbrovglio«)t  ilit 
BTHtem.  and  ttint  faradisfttion  rornwa  tfaeabnontui  coodj- 
tioo,  and  mrtorao  tlie  clmtiic  e(|ni1ibrinni.  Ttio  atropui6 
ia  probably  q»it«  iiieff<M;tiv«,  as  no  nwntiou  is  niailo  of 
niibciilancoas  injoction,  and  llie  nnbrokon  akio  wonkl  not 
aljtturb  the  solution. 

6.  Con»lipati«n. — In  cases  of  constipation  cnuscd 
by  insufficient  peristaltic  tnotioa  of  the  contntctile 
flbre-«ells  of  the  intostinefl,  and  by  loas  of  pon-er  to 
the  fibdominal  mnsclea,  electricity  miiy  be  rery  tise- 
t^l1,  especially  if  the  affection  oc«iira  after  protracted 
diarrhoea  and  tho  abnsc  of  uporiont  medicines.  Id 
Sdcb  COMa  a  total  abstioeace  of  laxative  medicinea  is 
generally  imperative,  and  eren  simple  euemala  aome- 
tiinea  do  miHchief ;  on  the  contmry,  by  fiuwliMtioD 
]>owerful  peristultic  oiovements  of  th«  itit<«tia«  may 
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be  InOiicoil.  nad  more  tone  be  given  to  the  mncoaa 
and  miucuiiu'  coat  of  the  alimentanr  canal. 

CA.-*e  71. — An  unmarncct  bdy,  ofpi  43,  tall,  of  tallow- ootD' 
plexiou  aiid  (M.tl«Dtan-  habits,  ooutulted  tnv  in  Fobnian, 
IWijiJ,  for  n  '  iiprvons  nfTection,'  from  irliiclt  the  liitii  autfere<I 
for  maD^'  roonthx  jiosU  She  oomplniaoil  of  n  cotiRtjint  doll 
headache,  of  gtddiiuiM  on  rising  in  Ibe  moraint;,  a  wearying 

lUng  of  mental  dBpreairion,  and  iVcqnont  Bnii)iitiff)i  of  lh« 
and  eara.  Her  bondi  and  f«ot  were  linbitiinllv  cold. 
Hit  dwp  vtm  mirrrrviiliiii^,  living  ili.itnrbnl  h_v  uoplcaMuit 
dreams;  pinil  too  short,  for  she  eli-pt  on  tlii>  avcmge  only 
two  or  llirtM  hours  a  nifflit.  Her  iniellect  and  m«morj 
wero  as  good  ai  over,  knit  %kv  fnund  it  difilcult  to  fix  Iwr 
attention  on  any  autijccl,  uid  folt  n  diilnwHing  Kcniintioit  of 
fircsHui'p  on  the  bind  aft«r  reading  or  writing.  Tlie  latter 
circnmstano!  nnnoyod  bor  a  good  dual,  n«  site  had  brcn  a 
xcalona  snpportvr  of  varioDo  philanthrDpt<<  uniiprtaking* 
which  minirvl  n  considerablo  aaioont  of  rorrMponileoK-e. 
Shu  wiui  Miiut'tiniM)  tronblod  with  ]mI|iitalion*  of  tliv  hoart; 
bo  licart'8  fKniods  wrrv  wcnlc  ;  the  puLu!  mnitll  and  fwhle. 
TImi  hrcikth  wan  generally  iihart ;  ibo  cbc^nt  oth<'mijic  hc*llby. 
TIm  tongatt  wbh  dry,  aiKl  covered  with  n  jDllowifh  whita 
coat.  Tho  ajipelite  was  foehle,  and  dignMioii  tediona  and 
prtinful.  Kor  many  years  past  tho  patient  had  enfTereit 
from  obitttDalo  constipation,  for  which  ohc  luilnlnally  took 
piirt^tivew.  If  #h«  attomptod  to  do  withont  any,  sht*  fnlt 
groal  [irlvio  diHire«B,  especially  in  a'alking  and  Hlnoding. 
and  considerablv  inorease  of  nil  thr  licad  iTT&plonis.  She 
hud  chiefly  taken  cremor  tarlari,  aloes,  nni  vomica, 
cM>to<^nt]t,  Mammony,  and  podophyllin  The  OTBCRationa 
w«rv  hanl  aiul  iH-fomicd.  The  nrine  was  gcnrrnlly 
■canty  aikd  turbid,  and  sh«  hod  often  a  scalding  sraui* 
^<tioii  io  panxiug  it.  81m  luid  a  vniall  fibroid  taraonr  of  the 
ntems,  for  which  she  hnd  consulted  several  obetetrio 
physioiaiii^  who  had  advisrid  that  it  shonld  be  hit  alonr. 
At  thu  time  of  the  catamvuia  her  snflVrinpi  tnoraaaMl  rwj 
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noeb  indmcl.  Piir(t*^ri»  tbon  wemcd  to  aagtaaat  Uie 
n»i»tnal  flow  to  an  nlnrinuig  exient;  Jt  often,  tn  fiici, 
amoiiiitt.ll  to  tme  menorrhag^  which  hutod  for  ton  or 
tirulvf  dnjrs.  Sfao  t)i«rcli>rv  gvnerallj  took  mucti  saoaltor 
doseti  of  poi^^tvea  during  thkt  time ;  witli  tlio  i-floct  tli»t 
tho  loH  of  btiiod  *nu  not  no  oopioos,  wliilet  on  the  oUivr 
liAod,  tlui  (luiii  aud  dirtcomrort  about  hor  hoKd  voro  so 
dreadhil  that  »lta  oflon  tlioagbt  sbo  woitUI  low  bor  bsdms. 
Uvr  liabitua)  doiw  of  purgative*  waa  now  two  tcAapoonfiala 
of  cTMin  of  urtar  twico  a  d«;,  and  ton  graioa  of  oompoond 
«oloc/uth  pill  Hi  bud- lime. 

An  dbc  La<l  livL'd  too  cxi-lnHiroljr  on  meat  dlot,  I  ordorvtl 
bor  to  t»k«  buili-d  fruit  and  iiacchariiio  vegvUbles  ;  to  dia- 
coDtinoe  Lli«  cream  of  larMr  oulircly ;  to  toko  tire  (^mijis 
of  compomid  colocyntb  pill  at  Iw-d-time,  and  a  tuinbli'rnil 
of  Maricubad  water  twice  during  tliu  daj;  and  fliuilly  to 
(Ake  aa  unob  oxercbe  in  tho  opvn  air  a»  [lORdblo  without 
faliijtue. 

Ftbniary  S-'i/A. — Hoa  found  i^at  niliof  fron  the  obango 
io  li«r  diet,  awl  fraiu  tbd  Mariuulmd  water.  Laat  period 
waH  mon^  cuinforlaUe  tban  it  bad  txieii  for  tuany  mouths 
[laat.  Has  not  boon  ftbli:  to  take  muvh  eivna-sf,  bccatus 
it  Imiagbt  on  palpitationfl  of  tbo  hMtt.  Ordervd  to  gft 
on  as  before,  bat  to  take  tbo  oolocyuth  pUl  only  eroty  othar 
Dight. 

ifank  iSlh.—lln  been  wotm  for  th«  bui  wook  or  tan 
daya.  Tkv  Uani-ubad  water  (wem»  to  bare  lost  ita  efl!»ot. 
Haa  been  obliged  to  take  ten  grains  of  co)ocj&tb  |dll 
dailjr  for  the  last  few  nighta.  Head  moal  uneumforlnble ; 
cxIremedeproMionofiqurita,  I  dow nnbctitntod  Priodrioha* 
ball  for  Uariifiibnd  wal«r,  and  allowed  ber  to  take  fivi 
gratus  of  colocjTilh  pill  cvvry  night. 

April  30/J^.— Tbo  last  [wriod  was  just  as  bud  oa  evvr, 
Tbe  friodriclikball  water  onlj  rulievM  cooHtipation  wbirii 
taken  iu  Urge  dows,  which  »bo  believes  to  be  loweriiifir.  and 
is  iuoffcctnal  aa  aoon  as  tbo  dose  i»  reducod.  I  now  pmpi)»<?d 
to  Um  patient  tho  application  of  galvaiuiua  for  induuiug  ■ 
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lionlthicr  Dction  of  tho  bowvls ;  &ii<l  ss  sh«  consimUd  at 
vncu,  I  sunt  ft  currentof  niodcrntu  power  for  fiftocn  ininnt«it 
throagh  Uib  intoKtitxM.  Tho  pBticnt  did  Bot  complain  of 
smy  pftin  or  diHComfort  from  tbe  npplicoiliou.  but  naul  iJhi 
f^It  moro  oziiilarntod  and  IiopefU  ihan  &bo  bad  done  fur  a 
long  time 

iith.—S\m  ouas  to  mo  in  high  spirit*,  sftying  that  sinea 
tbu  fhradiMticiu  was  used  Bh«  bad  everj  day  had  a  belter 
motion  than  for  many  montlis  paot.  I  ord*rod  her  now  to 
diRcontiniu!  tbo  culoi-ynth  pill  entirely,  and  nereljr  to  uko 
a  wineglaasfDl  of  Kriod  nebs  ball  water  twico  a  day. 

From  that  time  forward  the  patient  madu  an  ouintcr- 
rupled  reoovny.  Fanulisaljoa  wu  continaed  twice  a 
ncok  for  a  month,  after  which  iieiUier  mediciuM  nor  min- 
vmi  waters  nor  tho  galTiinif  stimnbic  wprT<  any  loni^or  re>- 
paired.  Tbu  head  aymptom*  dinapiwarad  gmdually  in  pro- 
portion ad  tlie  acuon  of  the  bowels  vraa  roHtored ;  and  wbon 
I  last  saw  tbo  palioDt  (July  1867)  whe  wm  jwirfootly  well, 
excepting  the  comewhat  too  copiona  meustraation,  which 
wa«  now  tfao  only  trouble  she  exporieuccd  Irom  tbo  fibroid 
lusunir  of  tlie  uterua. 


Cui  7S.— A  hard-working  merchant,  aged  3H,  find  con* 
anltoil  mu  in  June  180^,  for  a  trooblMoms  form  of  dya- 
pQpsia,  rrnm  which  lio  ba^l  unffered  for  many  jtmn  pwit 
He  oomploined  of  a  fL-eling  of  hoarinom  and  o]>pNBsioa 
aftsr  meals,  especially  alter  btvukfaHl,  oonpled  witli  emetic 
tioos  and  flatnii,  which  latter  gavo  rise  to  aente  pain  until 
they  wero  diadMrgKl.  The  bowels  had  beeii  habitnally 
coxtive  tiinoe  a  Joam^  tfao  patiant  had  nndortaken  Ui  thv 
weat  oooat  of  Africa,  in  I8u7,  where  lie  had  vufivrcd  from  a 
had  form  of  dyseutery.  Ever  since  that  time  he  had  been 
obligm)  to  'assiot  tiM  Irawola'  witli  purgatives.  He  had 
aliKi  nited  onemata  of  irarioui  kinds,  bat  tbe  rectnm  seemed 
to  resent  them,  and  the  patiiait  had  taketi  a  great  dinlike  to 
trhcir  utm.  The  tongoe  was  dry  and  fiirrod.  The  patient 
had  lost  flesh  lately,  in  consequence  of  being  compelled  to 
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rt'sirjct  tiis  fund  to  tfie  stnitllest  poanblii  ({DknIttT.    Tb» 
urinii  won  cl^nr;  llii'  iniiljoiut  iliirk,  hiinl  ftoO  ilUformcd. 

I  rarcfollj-  n->f^tittcd  (ho  did.  Mul  prMcribnii  n  tUDibkr- 
fd)  of  Kger  wntor  uigliL  and  tuoruiu);,  and  five  Rnuiu  of 
cnrbunato  uf  bisiiialh  tiricQ  a  Any  after  iiic«Lt.  Uigwtioo 
and  defBcation  aiion  improvod  utider  ttit§  treatnMDt,  ito 
that  tbo  pationt  wii«  Me  Ui  mko  more  food  tlian  bcfaiv, 
aiiil  he  felt  itud  lonlced  muoli  htidtliier  and  itraQf^r  lliaii  lie 
bail  tlniu)  f»r  a  oonsidvmble  timo  ]»«t.  Aluat  two  niontltt 
nftvr  I  Grst  Haw  him,  liiuiiieaaobltgi>d  him  to  reltini  to  Africa, 
and  I  did  nut  mo  btm  again  till  Iktiuvh  IttijG,  wIk-u  bu  wa* 
very  inuch  wonie  tbun  be  had  vver  bueu  be&re.  Up  ImuI  Iw^b 
obliged  in  tbo  intorva)  to  take  Htmng  ptit]gatircii  linbitnatlf. 
Tor  ciuturing  i>  sufUineiil  autiuu  of  the  bowels.  Indi^vNtiaa 
and  coetivenoss  wero  notr  more  bonblMOBU)  than  arrr. 
1'lip  pnliiiit  wan  emaciated  nnd  cxhatulcd  to  ihti  laat  d»- 
gTw.  Ilu  wofl  unable  to  doanj-  work  or  laki*  aiiy  vxtnciflei 
and  rcfiurd  nil  nuuriiihiiig  food,  no  tbut  hi*  fiiitiilj  yran 
eitn>iuel_v  alarmed  about  iiia  oouditiDD.  UimIm'  tltetie  otF* 
ootiislunL'n,  an  vuergoticnlly  tonii;  plan  of  treatmeot 
a[i[toarvd  iiidiHponiutble.  I  presci'ibed  liquor  arsoakaltl^ 
with  rinuni  fvrri,  a  doite  uf  paacivatic  vmnlsion  iii  mrn  and 
milk  twice  a  day,  a  compound  rbnbarb  pill,  with  Uw 
twenty-fnnrth  part  of  a  grain  of  utiynhnia  at  iMnllimo,  and 
faFodiMtioii  of  till!  bowel  twice  a  week.  Unilttr  tht*  inllo. 
enci:  iif  this  tn>almcnl  thn  patinnt  raltiod  wondftfnllv.  The 
bvnolii^il  uffocta  of  Gtradisatiuu  in  indadng  a  bL-olthjr  action 
of  the  raooova  and  niiucnlaLr  coat  of  the  bowel  were  w«0 
•bown  by  the  oirctUDBtMice,  that  tbem  won  oln-iirx  a  very 
good  motion  in  tho  OTOning  aA«r  the  ap)ilicalioD  uf  Ibe 
oli-ctricily,  while  on  those  daya  where  it  waa  not  applietl 
the  BOlioD  was  mtbcr  alog^sb.  At  tiio  end  of  a  month 
the  aperient  piU  wan  diacou tinned ;  the  araniu  wa«  tnkvD 
fi>r  atiollior  fortniglil,  and  tlio  omnliion  for  a  inoDlb  morc^ 
Kunidi~itiun  wan  diitcoti turned  at  the  end  of  three  ntunllu. 
wluD  tUgwtion  and  dcfa)cation  w<iro  normal.     Kror  lAaeo 
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^tiiaX,  time  tbe  pntient  has  boon  ta  good  hcalUi,  ukI  toki'D 
I  mediouM  whntovcr. 


I  C.  Tympanites  and  ^aluleney. — T^m}>anUie  disttw- 

^^ktioH  of  lh«  abdomen  ia  owing  to  intestJiiKl  aton;,  and 
^^lo«8or  power  in  tbe  nbdouiinal  miucles ;  the  intea- 
tines  tlicn>roro  niuut  nitb  no  rotivtance,  iind  becoiDe 
considembl}'  distendud.  This  condition  is  freqnentl}' 
obsen'ed  in  hysterical  women;  after  partnking  of 
indigeiitihle  food ;  in  acute  diseases.  eai>«oiiil1y  typhus, 
|)neiiinonin,  SRm11-i>ox,  puerperal  ferer,  jH^itonitij.  &c. 
If  the  tyiiipauites  U  verjr  severe,  it  threatens  life,  an  it 
may  produce  wphyxia  hy  ponilysis  of  the  diaphragm, 
and  c(>aipn.>tt«ion  of  the  ]in)g«.  A  |>un>ly  mulicina] 
treatment  otlen  fails  to  relieve  it,  and  faraditiatiou  or 
galranisatjou  should  therefore  be  employed  if  the 
tympanites  doc*  not  yield  readily  to  otlier  remedies. 

Various  niL-thodm  uf  applying  electricity  bare  been 
rCHort4>d  to,  AI.  Becquerul  has  triod  the  effect  of  the 
induced  current,  placing  the  positiro  electrode  in 
the  mouth,  and  the  negatire  in  the  rectum ;  and  has 
never  seen  any  benefit  from  it.  This  method  is 
therefore  not  to  be  employed,  as  it  is  both  inconn- 
nicnt  and  useless.  Dr.  Oummi&g  ha«  proposed 
placing  one  electrode  on  the  spine,  and  the  other  oa 
the  uUlomioal  parietes,  but  the  best  wiy  is  faradiab- 
tion  or  ^ranisatiou  of  the  rectum  (p.  327  and  888). 

Case  73. — Exifimu  meteorimn  after  ovari^om^. 

A  roarriL-d  ironian,  aged  87,  nwlJi«r  of  odd  boalltiy  ohilil. 
twenty-two  numllia  old.  oamt  from  AIwrImu  to  LotMlon,  ia 
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April  tRCS,  in  order  to  oonsnU  Mr.  Spcrncvr  Wulls  far  a 
Inrf^  ovarian  tnmoiir,  wbklt  hod  bef^n  to  form  In  Jntjr 
]t^2,  itnd  luul  rapidly  IncreMcd  ailcr  Angiwt  of  Uio  aun* 
year.      Tho  patient  bad  a  dark  and  rather  sallow  mm- 
ploxion,  and  hiul  Inoama  macfa  oinAciiit(Kl  during  tlio  laft 
two  months.     The  tonguo  was  clean,  Iho  appetite  pretty 
good,  tlic  bowclK  were  Dattirnlly  opvn,  bnt  An  cnmplnined 
of  tronblpmimc  Hiitulence.     The  bn-ntliiiiK  was  only  altfilitly 
uffoclt^d  ;  lliorp  wiiK  no  cough  Biid  no  vijior  to  ration.     The 
CBlninenia  had  ruased  in  September,  16G2.     The  pu1it«  vrai 
At  130.     The  ^rU>  nt  tlut  nmltilictd  t«vol  iras  r»rty-ni&« 
iDcbmi.     She  bad  been  tapped  tevea  tinieH,  bnl  bad  always 
refilled  rapidly.      Mr,  W«Ua  perrormed    oT-ariotomy   npon 
her  on  April  2^.    There  wen  strong  and  c^itvnHivo  pnri«t*l 
odhiMiionB,    both    antorioriy    luid    laterally;    thirly-three 
pints  of  flaid  were  ramored,  and  llie  cyat  and  wulid  inattor 
Udcen    away  weighed  thirli-cn  poaiids    thirteen    ounott. 
Without,  going  fiirtln-r  into  the  doloila  of  tito  caac,  I  will 
only  ny  thai  the  patient  went  on  fairly,  excopting  the 
immenae  dintnniiion  of  tho  Ktomacb  and  bowfls  by  ffaa, 
whidi  was  m>  Rrent  aa  to  threntcu  life.     AAer  the  mo*t 
effloadona  modinur*  hiul  Ikwr  tnkon  without  Iniiiro^-ement, 
Ur.  Wclb  believed  that  fanuliaation  waa  noOMnr^',  and 
rC4]oeatod  tne  to  «co  the  pntiont.     I  saw  hcv  on  May  18, 
when  the  flatalent  dutenaion  waa  so  grvat  that  tbo  l«ft 
lung  was  alni<Nit  rntiri'ly  compressed,  the  heart  being  dis- 
lodged to  Uie  ri^iit  aide,  and  there  being  tynipaoitie  amwd 
in  the  eecand  iutorcoctal  R]KtGc.     I  pcrlnmied  famdintion, 
afUir  wliioh  the  patient  had  a  conHidcrabh;  iltschsrgn  of 
(Istns.     On  May  19,  I   refwated  the  operation,  and  tbs 
patient  then  had  two  molioni^  one  cf  them  solid.     I  opo> 
rat«d  Hpou  her  lour  timee  more,  oft^r  which  the  lung  had 
again  expanded  to  ita   normal   votame,  ami    tho  patient 
being  nearly  well,  I  iliscon tinned  the  Ireatineut.    On  May 
S6  she  went  on  board  the  irleamor  whioh  wm  to  sail  thu 
day  followinff  for  Dundee.     The  patient  died  at  home  in 
tho  oommenooiiuuit  of  August  from   maliguuut 


wbicl)  btwl  rery  n^dljr  farmed ;  but  botli  Hr.  Sfwiicer 
Wells  anil  Sir  Wiltistn  Jenner,  who  had  also  ec«n  ber, 
wtTo  uf  upinttni  ibnt  if  ithtt  liiul  nut  Ihidd  fiiradiiiL'd,  iibD 
vmnld  bftvediod  iit  London  IWm  tbei>1It)ct«ofibeiDetoorisn. 
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?»BB  "4. — A  p'litluman,  mci-d  4*,  Imd  dj-»eiitcri-  fin«en 
ytm*  ngo,  tmd  liiu)  oTcr  since  saftV-ircl  from  Hittalnncjr, 
wliicb  wu  «xti«oi«ljr  tronbkMcmio.  H«  ma  otberwiw  in 
good  htuittli,  bat  tUu  flntiilnncy  ncvrr  l«fl  bim  atod  (br  ono 
'  day,  and  wsh  nu  bud  ader  rufuln,  tbi»t  be  wt»  obliKcd  to  lie 
dowD  for  an  boar  or  two  afterwaida.  Tho  examination  of 
tieabdomen  allowed  no  ttunoitr  or  obclmctioD,  but  merely 
aronnklvmbUi  accntnalation  of  ^aain  tiio  largo  iotoKthiM. 
He  bad  mied  a  great  many  remi'dics  williunt  cucceM, 
wpecially  cliarconl  and  bolbtdontia.  I  gulvaiiixpd  tlio 
bowel  with  a  mirrvnt  of  tw«ntj-fiv«  cells,  tliu  puntive  pul« 
heing  ill  tb<.'  reutuBi,  and  the  neKativocIcctr(>dob(<in){p&s»edl 
over  the  aljdoniinal  panete*.  The  pnticnt  Tctt  roiy  oom- 
fortaUe  for  eoine  boura  after  tlie  flr«  applioaLion.  and  llie 
flatnleiK']'  only  relarnvd  in  the  afloniooii.  AAcr  foflr 
more  oporations  lie   passed  a  whole  day  without  fcelint; 

iroiibled  with    BabUoDce;   aitd  after  llirtw  wgcIck  he  waa 
nite  tree  IVoid  it. 
M 


7.  Inearcfmtcil  hernia. 


U.  Delacuc.  of  Toulouse,  has  described  tlte  cose  of  a 
wiunan  KnAirring  from  femoral  homia,  nod  whiob  becanw 
iaoarcerated  ofUv  a  violent  exertioD.  She  refused  tu  ooik> 
eent  to  an  opetatJon.  Afler  thm;  dayii,  wIiwr  Mhit  wait 
rapidly  getting  woitm,  ha  first  faradised  the  hernia  itnelf, 
and  aftervrard*  pnt  one  eloctrodo  into  tlw  rectwii,  ami  the 
other  upon  the  hernia.  Tha  tamoar  now  began  to  tnove, 
and  diMiipmrwl  in  a  very  ebort  line.  Within  a  few  dayi 
the  patieut  van  perfectly  well. 
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8.  Ileus,  atenowis,  volvulus,  invagination,  iniiuavecep' 
lion. — Dr.  Mac  Cormac,  of  Belfast,  has  kindly  sent  me 
the  particulars  of  the  following  cases  of  ileus  which 
have  been  under  his  care,  and  which  I  give  in  that 
gentleman's  own  words : — 

'  The  first  case  waa  that  of  a  brewer.  He  had  been  three 
days  ill  of  ileus,  and  was  siaking  rapidly.  The  pain  waa 
great,  there  waa  feculent  vomiting,  and  I  had  tried,  in 
large  euccessive  daaes,  vainly,  calomel,  compound  extract 
of  colocynth,  castor  oil,  opium,  turpentine,  aud  linseed  oil 
injections.  The  pulse  was  wretched,  the  eipression  of 
the  countenance  misertible,  and  the  sufferer  had  been  three 
days  without  any  anstenance.  It  then  occurred  to  me  to 
resort  to  galvanism,  which  I  did  with  the  least  possible 
delay.  I  stripped  the  patient,  and  applied  the  moistened 
negative  pole  or  conductor  to  the  spine,  while  I  prome- 
naded the  other  polo  here  and  there  over  the  abdominal 
surface,  but  preferably  in  the  hnes  of  tlie  great  intestines. 
The  patient,  who  was  standing  aU  the  time,  winced  a  good 
deal.  But  after  the  lapse  of  from  about  two  to  three 
minutes,  a  sound  of  flatus  in  motion  could  be  heard  in  the 
course  of  the  tract  of  the  great  arch  of  the  colon.  The 
patient  called  out  for  the  close  stool,  when  he  had  au 
enorraoQB  evacuation  of  feculent  matters  with  prompt  and 
permanent  relief  He  had  been  previously  under  my  care 
for  an  atlack  of  hepatitis,  and  was  of  very  inditfcreut 
stamina.  I  Lave  not  the  slightest  doubt  that  galvanism,  iu 
this  instance,  brought  about  the  resolution  of  the  disease, 
and  by  stimulating  into  normal  activity  the  peristaltic 
action  of  the  bowels,  saved  the  patient's  life. 

'  The  second  case  was  that  of  a  very  much  younger  man, 
but  waa  otherwise,  although  not  of  so  long  standing,  equally 
severe  as  the  preceding  case.  The  usual  means  were 
resorted  to,  both  by  Dr.  Archibald  Dunlop,  under  whose 
cbai'ge  the  patient  waa  before  I  was  called  in,  and  by  my- 
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It,  bat  in  rnin.  Thcra  iras  tliia  sdditionftt  featan.-  of 
Tcritj,  U>i>,  tlint  tnrgr  qnniititif n  of  bluod  w<-ru  piuwvd  by 
•tool,  wliich.  cou|ilL'd  witiillie  ileuB,was  rapidlj  exliaiutiiig 
Uio  jiutiiiDt'x  HtrcngtL.  In  ttiii  Coiijiitictarc  of  iiOiuh,  I 
pn>]X>se<i  f,'ulvaiii»m,  to  which  mj-  oulU-aKUtiat  once  uasenu-d. 
It  WM  very  cflWtivoly  rvwi-U-d  tu,  und  is  the  oourw  of  Uw 
snenioOD,  not  an  HpofdJIy  m  Ju  tho  &nt  instauce,  tliougb 
lot  loM  cff(H;tiTcIv,  thp  piitii'tit  «v«cnuted  a  Lugti  amount 
with  siievd^-  wlitii  and  a  lasting  reoorer;.' 


Dr.  ClenieuH,*  of  Fninkfort,  recomtueods  thut  in 
these  caate  one  or  two  tableBpooiiBfuI  of  metoUio 
lercai^  should  be  giyeti,  and  a  continuous  curroot 
tlieu  sent  through  the  ab<lomc-n  ;  iJie  ucgntiro  elec- 
trode by  means  of  a  large  conductor  to  be  uppliud  to 
Uiut  part  of  thu  abdomen  wheru  the  seat  of  the 
obstruction  is  supposed  to  be,  while  Uie  positive  ia 
in  the  rectum.  Voltaic  itllenialivcs  should  be  used, 
aiid  t)io  current  closed  and  opened  three  ur  four 
in  one  tniuubo.  The  mercnry  accumulatea  at 
leat  of  the  volvulus,  where  therefore  the  eS'ect  of 
Rvalue  (liacharge  ia  more  thoroughly  expe- 
rienced than  in  other  parta  of  tlie  inlestiual  canal. 
iDr.  (jleuictis  suys  tJiat  he  liiis  cured  a  cose  of  invagi- 
uation  by  tJiJa  um-aus  ;  but  Dr.  Mac  Connac^s  cases 
show  that  electricity  alone,  without  the  mercnr/,  it 
ablo  to  OTcrcotue  this  affection. 

9.  Atcite*.  Signor  Solfanelli  [um  recorded  the  case 
of  a  man,  aged  GO,  who  suffurod  from  cirrIio«is  of  the 
lii'cr,  and  uscites ;  inauj  remedies  were  employed  for 
tile  ascites,  but  without  result ;  the  uriue  vtaa  very 

*  DmiUdie  Kliuak,  Hank  a.  ISSO. 
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scanty  and  cedema  of  the  legs  at  last  set  in.  Faradi- 
sation of  the  abdomen  was  now  used,  and  after  fonr 
such  applications  the  ascites  had  disappeared. 

The  electrolytic  treatment  woald  appear  preferable 
to  faradisation  in  cases  of  ascites,  and  might  prove 
curative  in  cases  where  the  ascites  is  owing  to  weak- 
ness or  malarial  cachexia,  and  not  to  incurable  disease 
of  the  heart,  liver,  or  kidneys. 

XV,— DISEASES  OF  THE  ORGANS  OF  CIRCULATION. 

1.  Diseases  of  the  heart.  Dr.  Fliess,  of  Berlin,  has 
used  galvanisation  of  the  sympathetic  and  pneumo- 
gaatric,  for  affording  symptomatic  relief  in  cases  of 
valvular  disease  of  the  heart,  and  has  been  to  a  great 
extent  successful.  I  have  already  mentioned  Ealen- 
burg  and  Schmidt's  experiments  (p.  254},  which 
have  shown  that  by  galvanisation  of  the  sympathetic 
the  heart's  action  is  powerfully  influenced  ;  and  the 
proceeding  therefore  may  be  resorted  to  in  those 
numerous  eases  of  heart  disease  where  the  usual 
remedies  fail  to  give  relief  to  the  sufferings  of  the 
patient. 

2,  Diseases  of  the  arteries.  Aneurism  has  been 
frequently  treated  by  galvano- puncture,  but  although 
some  favourable  results  have  thereby  been  obtained, 
the  number  of  failures  is  much  larger  than  that  of 
the  successes,  so  that  at  present  the  operation  of 
galvano- puncture  is,  by  the  best  authorities,  pro- 
claimed to  be  an  unsafe  and  unreliable  proceeding. 
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iir  William  Fergnsaoa,  in  his  *  Maniml  of  Surget7,' 

oorioosly  en&ugh  i^orea  it  altogether.    Mr.  EricliMm 

ooudemDS  it  ia  unqualified  teruit).     Profi^ssor  Pirrii.- 

n-miirkit  that '  the  operation  is  foiiiKlfd  on  the  prin- 

ciplo  of  thu  galvanic  current  liiivitig  the  power  of 

coagulating  the  blood ;  ood  that  this  principle  b  not 

sound,  tut  utratified  fibn)  a  the  Bubstanoe  hy  which 

we  desire  to  solidify  an  aneuriem,  and  not  coagulated 

blood ;  thiit  the  proceeding  is  aUo  very  painful,  and 

Dot  unatt<'iided  witli  danger,  and  the  results  are  not 

encouraging.'    Mr.  Ernest  Hart,  in  his  article  on 

aneurism   in   HolmM'a   '  S}-stem  of  Surgery,'   says 

^—(Vol.  III.  p.  4^2),  that  galvaao-puncture  is  inherently 

^■inocrtAin,  liable  to  cause  relapse  by  the  ineltEng  of 

^Bbe  ooagulam,  or  inflammation  by  ita  too  sudden 

^oepoBition,  and  that  it  appears  at  present  to  desen'e 

to  rank  only  as  ati  escvptiunal  expedient,  when  tfao 

.      surgeon  is  calle<l  upon  to  treat  either  aiieiiHwmn  at 

^■Qie  root  of  the  neck,  or  internal  aneurism  whirJi  cau- 

^fliot  be  reached  by  digital  or  mechanical  oouprcuiOD, 

V  and  Bume  foniis  of  variooie  and  cirsoid  aDctuism 

.      seated  Huperticially. 

H  M.  Broca,  and  many  other  eminent  forvign  snr- 
^^geonit,  entirely  ctiincide  in  this  riew.  and  it  may  be 
said,  therefore,  that  tho  proceeding  has  not  estab- 
Ushcd  a  footing  in  aui^ry ;  nor  ought  >re  to  be  sur- 
prised at  this  fjict,  since  it  ia  erident  that  tJie  mode 
of  applyiiit;  in>lvunu-iiunctiire  for  uneorism  bos  hitbei^ 
to  been  fuully.  If  any  thing  isi  well  estahliahod  in  Uio 
jMithoIogy  of  aneurism,  it  is  the  fact,  that  cluts,  which 
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have  been  rapidlj  produced  and  made  to  block  np 
the  sac,  can  be  easily  discnssed  or  washed  away  by 
the  current  of  blood;  that  they  often  give  rise  to 
consecutive  inflammatioD,  Bupparation,  tind  gangrene, 
and  are  unstable  in  the  highest  degree.  These  dots 
ore  red  and  soft,  like  currant  jelly ;  they  consist  of 
coagrdated  albumen,  fibriue,  and  blood-globules; 
while  active  clots  are  firm,  tough,  more  or  I^s  devoid 
of  colour,  and  consist  merely  of  lamellated  fibrine, 
resembling  so  many  layers  of  differently-coloured 
chamois-leather.  It  is  quite  true  that  in  a  few  cases 
quick  coagulation  has  been  followed  by  permanent 
consolidation.  Such  cases  have  occurred  in  the  prac- 
tice of  M.  Petrequin  and  other  surgeons ;  but  on  ana^ 
lyaing  these  observations,  we  can  have  no  doubt  that 
in  the  cases  which  have  thus  turned  out  successful, 
there  existed  a  peculiar  condition  of  the  blood  highly 
favourable  to  the  deposition  of  lamellated  fibrine,  and 
that  this  is  so  exceptional  a  circumstance  as  only  to 
prove  the  rule,  which  is,  that  passive  clots  are  rather 
prejudicial  than  otherwise.  Immediate  coariHlafion 
should  therefore  be  entirely  eschewed,  instead  of  which 
we  should  endeavour  to  obtain  a  slow  deposition  of 
layers  of  fibrine,  whereby  the  sac  may  be  permanently 
obliterated.  For  this  purpose  it  is  necessary  that 
circulation  should  he  merely  diminished  and  retarded, 
but  not  altogether  interrupted  in  the  sac.  As  soon 
as  any  deposition  of  fibrine  has  taken  place,  this  has 
the  tendency  to  attract  fresli  fibrine  from  the  blood, 
whereby  its  bulk  is  gradually  increased,  until  the 
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rholo  mo  is  flllod  up.  The  vntU  of  tbe  aoetinsni  is 
thus  strcngtlieued,  and  it  is  enabled  to  renist  tbe 
action  of  tbe  heut,  until  tbe  time  when  the  cavitjr 
is  finallv  obUtttni,t«d. 

TbiLt  this  ciui  b<!  accomplisbcd  bjr  elcetrolf  aid  I  am 
coDTiiioeO  from  experiments  on  rabbits,  in  wbicti  I 
huvc  by  tbat  means  gradualljr  obliterated  tbe  femoral 
art4.-r7.     But  there  is  alao  a  curious  case  recordod  in 
a  recent  troatiHc  on  medical  electricity,  by  Dr.  Froiam- 
hold,  of  Pcstli,  which  beora  out  luy  lUMrtion.    This 
author,  wbos«  ucquuintaiicvwith  the  pbj-sicol  aspects 
of  electricity  is  very  Umitixl,  tbougbt  to  do  the  right 
i_Uiing,  wlien  baring  a  case  of  aneurism  to  opernt* 
ipou.  by  putting  tbe  poaitive  electrode  iuto  the  nc* 
and  Uic  nogutire  one  outside,  in  order  to  prodnoe 
coagulutiuti ;  but  not  Icnowini;  which  wus  the  positive 
^.and  which  the  negatire,  us  is  cviduut  &om  the  d«t«ila 
^Bof  bis  description,  he  used  the  negative  where  ho 
^Bmeoiit  to  use  tbe  positive ;  and  the  proceediug  proved 
'      entirely  successful.     There  was  no  immediate  conf- 
lation ;  but  tlie  tumour  gradually  became  harder  after 
tbe  operation,  and  it  seems  that  the  iao  was  at  last 
Hoompletely  obliterutvd. 

^H  '  Wtwr*  i«aanat»  b  bltn^  'll*  folly  to  to  viw.' 

^"Dr.  ^<ommbotd's  ease  ts,  for  all  tbat,  not  Die  Io«8 
interesting,  be«anse  it  is  the  first  case  of  aneurism 
which  luM  been  (although  accidentally)  cured  by  the 
noga'ivo  \xAi}.  and  thus  goes  fiir  to  prove  tbe  curroct- 
nesa  of  my  principle,  that  it  ia  to  the  ui«c  of  this  pole 
tbat  we  bavo  to  look  for  the  cure  of  amnirinm. 
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The  gas  that  la  developed  in  tlie  aneariflmal  sac 
by  the  electrolytic  process  cannot  prove  dangerous, 
as  it  is  intimately  mixed  with  liquid,  and  moreover 
appears  in  excessively  small  bubbles,  some  of  which 
have  only  a  diameter  of  0-005  millimetre. 

Many  observers  think  it  of  importance  to  protect 
the  textures  perforated  by  needles  &om  the  action  of 
the  galvanism  by  an  insulating  layer,  as,  in  their 
opinion,  otherwise  inBammation  and  fatal  conse- 
quences might  follow.  But  this  fear  ia  evidently 
exaggerated,  as,  unless  tfae  application  is  very  pro- 
longed and  very  powerful,  no  such  effects  ever  seem 
to  occur.  The  difficulty  of  ineulating  the  needles  is 
very  great.  Sealing  wax  is  totally  useless,  as  it 
becomes  eemi-Uquid  at  the  temperature  of  the  body, 
and  18,  aa  it  were,  peeled  off  from  the  needle  by  the 
skin,  at  the  moment  of  introduction.  Dra.  Duncan 
and  Eraser*  have  conatracted  a  needle  insulated  with 
^"ulcanite,  and  which  may  be  employed  by  timid 
operators.  I  believe  a  slight  action  on  the  skin  in 
oases  of  this  kind  rather  useful  than  otherwise, 
because  it  promotes  shrinking  of  the  sac,  and  likewise 
prevents  haemorrhage  on  removing  the  needles. 

The  pain  of  galvano-puncture  has  generally  been 
described  as  excruciating;  and  Dr.  Duncan  has  there- 
fore in  one  of  hie  cases  placed  the  patient  under  the 
influence  of  chloroform  during  the  operation.  This 
however  is  not  necessary,  for  the  pain  may  be  almost 
completely  avoided  by  introducing  the  tumour  gradu- 
*  Ediubuigb  Medical  JourDnl,  18G8,  p.  115. 
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lljr  into  the  ealranic  circuit     An  operator  who 
wmmeaceE  with  the  full  galvamc  power  he  intendB 

tiiBe,  cansea  nnneoeseary  suffering.  The  proper 
f  to  proceed  is,  first  to  apply  the  ether  sprny  to 
skin,  luid  then  to  introduce  the  nocdloH  into  the 
toDiour,  connticting  them  aft«rwnrrl8  with  the  lowest 
gklranic  power  thii.i  is  at  faiuid.  If  the  putJont  does 
not  fcel  any  galra^uic  sensu-tion,  the  next  degree 
should  be  hud  recourse  to ;  and  so  on,  until  tJie  full 
power  i3  gradually  reached. 


ti 


With  rc^ni  to  ointaid  oniMmBiQ,  the  foUowinff  word*  of 
Dr.  Duncan*  may  bo  uptlyciUQtod:— 'For  dntoid tuwumm 
dcetitilyiaji  leeins  to  bo  Uie  safeiit,  simplutit,  aiid  moHt 
oeriain  tiictliud  of  treaunent.  Ligature  of  large  artorieit, 
like  tbe  <Mu\>ti(l,  is  ostmnely  dnugerouB  and  has  been  ungu- 
liu-ly  iiniinc<H->Mrul.  Out  of  eighteen  eases  seven  died  and 
only  two  were  pcraianently  cured.  Tlic  pcrchlnnde  of 
troti,  though  it  La*  bueu  Huocossfull}'  inje(!i«d,  u  aljto  liable 
to  fsilure,  and  bus,  maroorer,  ooriain  wcU-lcnown  risks 
atlc>ndin|{  it.  Bxtirpaiiou,  lixutura  aud  inciniun  liavc  bivn 
trir«L  hut  hold  out  bctic  inducement  tti  rap<!ut  them.  GuJ> 
vsniiini,  howervr,  has  Iweii  sncccfsful  in  tbe  only  two  osses 
in  wfaioh  it  bus  been  qkchI,  and  tliougb  wcruTnl  opcmtions 
ware  required  ia  each,  not  tJie  slighteat  oorident  happened 
inoitbDr.* 

I  now  tabjoin  some  coses  of  aneurism  in  which 
application  of  the  positive  pole,  or  of  both  poles 
ur,  luut  proved  successful  :— 

Dr.  Danean  has  tmlvd  the  ca«e  of  a  cimoid  unmhsm  on 
the  left  iiid«  at  the  bead  of  a  laliourer.  a|,'<?d  21,  bavin);  tlw 
■pC  and  aiu  of  the  half  of  ■  largo  Jersey  {Kar,  and  whiub 

•  LocriLp.  110. 
It  B 
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was  cured  by  four  applications.  Both  poles  were  pnt  into 
tbe  sac,  the  application  lasted  for  twenty  niinates  each 
time,  and  waa  made  with  four  cells  of  Bnnsen's  batteij. 
Kach  operation  produced  a  hard  core  in  the  tamonr,  where- 
fey  the  latter  was  gradoally  obliterated. 

Meyer  *  has  given  the  details  of  a  case  of  a  male  patient, 
i^^ed  52,  who  enffered  &om  an  anenriama  racemosnm  of  the 
li'ft  knee,  which  had  gradually  come  on  after  an  accident ; 
tliere  was  distinct  pulsation  at  different  points  of  the 
patella,  and  the  temperature  was  considerably  increased. 
He  introduced  three  needles,  connected  with  the  poaitiTe 
pole  of  the  battery,  into  those  places  where  pnlsation  was 
most  marked,  while  the  negative  conductor  was  applied  to 
the  thigh.  Twenty  cells  were  nsed,  and  the  needles  left  in 
the  tumour  for  fifteen  minutes.  The  operation  was  nearly 
painless,  and  no  bleeding  took  place  when  the  needles 
were  removed.  A  digital  compresaion  of  tbe  femoral  artery 
wiis  tlien  resorted  to  for  twenty-four  hours  after  the 
iiptTation,  and  pilvanopuncturo  repeated  four  times  more  at 
intervals  of  six  or  eight  days,  compression  being  again 
resorted  to  after  each  application.  The  pulsation  in  the 
tumour  gradually  became  less  and  the  clots  in  the  interior 
of  the  tumour  became  so  hard,  that  at  last  it  was  found 
extremely  difficult  to  introduce  the  needles.  A  small  ab- 
HfcsB  of  the  cellular  tissue  was  formed  at  the  lower  portion 
of  the  patella,  which  had  to  be  opened,  but  which  healed 
within  a  week.  The  tumour  shrank  very  considerably  and 
only  a  small  portion  remained.  Tbe  abscess  might  have  pro- 
hiibly  have  been  prevented  if.  Instead  of  the  positive  pole, 
the  negative  had  been  nsed  for  internal  application. 

Cinisclli  t  fe^  recorded  a  case  of  aneurism  of  the  de- 
scending aorta  cured  by  galvanopnucture.  The  patient, 
aged  4tj,  bad  a  round,  pulsating  tumour  on  the  right  side  of 

•  Loo.  cit.  p.  39B. 
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till?  ateTDDin,  in  thp  Ihird  int«rco§taI  apncc;  it  wma  six  c«n- 
tini<itm>  widn  bikI  KlnuMt  v(|Qally  lonp,  and  yna  elevftted 
about  one  and  a  half  oentimfilresabovelho  level  of  tlie  walU 
of  tho  tlionix.  Cin!]iolli  brlicTod  it  to  bo  ud  antrurim]  of 
the  btieni  portion  of  tlie  norta  tlesceudcu^  thoracica,  anil 
nsctl  for  >t«  ouri',  tlinw  Htoctl  nrvtllim  one  tnillinl^tI«  tliidc, 
wbicli  were  iDtrodiicMl  into  tbe  third  intercostal  space,  one 
being  obont  two  contimntTa*  dixtant  from  tlio  otlier.  The 
fioEitive  pole  wad  flrat  ooiuieoted  with  one  of  tbe  noodles, 
and  tlic  ncpitive  with  a  apongeboldur  applied  Ui  the  Kkin 
in  the  nei^hbourliood  of  the  tnmoor.  He  then  cauDoctnl 
the  pontivo  jmlo  with  the  aecond  sMrdlc,  and  the  negative 
with  the  first  whore  the  positive  polo  had  already  acted  Ac, 
autil  eaeh  needle  had  teen  in  contact  with  both  polfa. 
The  appliootion  lasted  forty  minnleei  Iho  skin  bad  beoom* 
n-ddeaed  aud  nwoUvn.  After  a  few  dajH  these  local  sjrmp- 
loniB  abated ;  tlier«  was  no  fteneral  reaction.  Sixly-siz 
days  after  tin-  opvrution  tlio  pnlivnt  wm  completely  eared. 

A  curious  case  of  luioamm  of  tbe  external  iliac  artory  in 
wliicb  not  tji«  coDliimouM,  hut  the  induced  eurrcDt  waa 
Dsod,  is  recorded  by  Ur.  Kj-re.*  There  was  a  pulsating 
tumour  in  tbe  l«(t  ^rtiio,  of  l)ie  Hi»  of  a  fowl*!  egg ;  the 
piilsiUion  was  wry  strong,  and  acootnponiod  with  a  hrait 
wliiuli  ciniid  1)0  Iructnl  two  incheii  above  the  tumour;  the 
limb  was  swullcn  and  painful.  Needles  oonnoctml  witli  U10 
poles  of  an  induction  apparatus  were  introduoed  into  the 
i>ac,  and  a  current  MOt  through  it  for  »»ino  tiinc.  Alarming 
iigna  of  tnflnnunation  anperrened,  and  it  was  not  nnti) 
•erenteen  days  atUr  tbe  opeistion.  that  the  tumour  folt 
bardert  and  tbo  pulsation  bacamu  fainter.  In  thiA  case 
elednoity  acted  merely  aa  an  exdtant,  and  the  sb«  was 
doaad  in  consKjuonoe  of  irritation  and  adheaire  inflamma- 
(ion,  but  nut  by   chemical   action.     As  snppantion  may 

•ily  Buponrcae  in  nuch  ciutea,  tbe  employment  of  iuducttun 

•  llkB  lanMi.  Jaly  IIU. 
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enmats  for  tlie  aan  of  uworianM  M,  gmtnUy  ipaikiiig; 
Bot  jutifiable. 

3.  DiieoMt  0/  Uu  vmtu. — I  have  treated  aevetaS 
ataea  of  vuicow  veins  of  the  «xtrGuutie«,  and  of 
vmrioooele,  bj  clMtrolj-su,  with  apfiamitljr  good  n*- 
iii)lt«;  but  sufficient  time  hiui  not  yet  dapntd  to  utuible 
me  to  say  whether  the  rvtiulu  bare  been  pemuuKBt. 


X\X    DISEASES  OF  THE  miSABY  OROASS. 

1.  Strifturt  of  the  rnMn.— Cnnael  and  Wert- 
beitnbcr  were  the  first  to  attempt  the  cun>  of  thia 
affection  bj  galvanism,  bat  to  Messrs.  Hallez  and 
Tripier,*  the  merit  is  due  of  haritig  proposed  an 
intelligible  method  of  applying  it.  Tl>ej-  recommend 
olcctrolysis  of  the  stricture,  by  intro(lucin<f  an  in- 
sulated sound  with  a  metallic  point  to  the  eeut  uf  the 
obstraction,  and  connecting  it  with  the  ne^tive  pole 
of  twelve  paire  of  the  bisulphate  of  mercury  batteiy ; 
the  positive  electrode,  which  should  be  well  moistened, 
being  fixed  on  the  inner  surface  of  the  left  thigh. 
Aa  noon  as  the  circuit  is  closed,  the  patient  feels  a. 
slight  pricking  sensation,  which,  however,  diminishes 
in  proi>ortioii  as  the  eschar  i»  formed.  The  inetAlUo 
{oiiit  is  then  pushed  forward,  so  as  to  cauterise  the 
differont  parts  of  the  stricture ;  and  when  the  im- 
pediment is  destroyed,  the  aound  is  pushed  forward 
beyond  the  point  of  tbo  wire.     A  catheter  can  then 
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be  oii*ily  introtluce*!  into  tho  blnddw,  sliowing  that 
the  stricture  haa  dUappeorcd.  MusitrH.  Malluz  and 
Tripitr  have  trcatod  tlurtj-on«  cows  by  thie  method 
ia  ft  pablic  diapensary,  vritk  saiiafactory  results.  It 
ia  true  that  one  of  theae  patients  died  a  week  aft«r 
the  operation  of  urethral  fever ;  but  lie  Imd  olrttiidy 
oncobcforenearlydiedofthataflvr  urethrotomy.  The 
authors  of  the  operation  do  not  consider  that  their 
procccdiDR  should  In.-  made  rcepitiiHibh'  for  this  fatal 
result,  aa  death  has  occasionallj-  occui-red  after  simple 
catheteriam,  in  persona  who  were  either  in  bod  gene* 
ral  health,  or  suffered  from  diaeaae  of  the  kidneys. 
In  the  patient  alluded  to,  the  immediate  elTecta  of  tJie 
operntJon  had  bt-cn  satisfactory.  One  operation  ia 
generally  sufficient,  and  nothing  farther  need  be 
done;  but  the  catheter  is  introdnced  from  time  to 
time,  in  order  to  see  whether  the  result  of  the  treat- 
ment has  been  permanent.  A  curious  circumstance 
is,  that  the  siw  of  the  arethral  canal,  instead  of 
diminishing,  iacrcanM  for  a  vrcek  or  two  aA«r  the 
operation,  whtt'h  is  prubably  Aim  to  the  ulteorption 
of  peri-urethnil  effusiuus,  which  have  been  brought 
under  the  influence  of  the  negative  pole.  The  fo1> 
lowing  is  one  of  Mailer  and  Tripier's  caw* : — 

A  rTUstom.honHc  ofHi.'cT,  ngml  fi%  had  liiul  gonnrrlinm  al 
tbo  »go  of  tmtity,  and  paMwl  Inn  nrino  vrith  difKoilty  for 
the  last  ten  years,  for  tho  liu>t  oiglitoaa  months  therv  bad 
boon  incontinence,  ithich  aliligud  the  patioat  to  wear  a 
^^  nrinal,  and  he  was  unable  to  follow  hts  employtnoaL  On 
^Blfsy  2,  IS&t,  tho  nrwthra  was  vx))lored  with  an  oUstio 
^^honirio,  which  cncoimlcrod  an  obNiaclo  at  the  end  of  the 
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wfoagf  portioa  of  tbe  mctkim;  mad  tadal  czMdaatiMi 
■howBd  Ifce  emicaee  at  hrpntropbiMl  pnaUto  wilbost 
drfbnutj.  For  twvotr  iBinstM  it  wm  tried  to  inlndiKW 
B  hMpe  "So.  A  intu  tk  bladder,  wUch  cMsed  »  few  draf« 
of  Uood  to  Kppe«r.  On  Siaj  6,  «  bov^  No.  3  was  ictriv 
dveed  alter  |ntirBt  triakof  ifatve-qntien  of  aa  boor;  ami  on 
MiyV  die  strirlara  waa  efectroljracd  lo  UwrxUnlor  balf  an 
inab.  Tbe  ^ptioation  tanted  Ctb  mitiniea;  jmtftcilintely  after 
the  opemioB,  a  boarrw  Xo.  19  and  tO  omtU  be  intntdand 
witluiat  tb«  lea«t  difficoltr,  and  lbs  patJeDt  pa4aB3  bia 
arine  m  a  TaU  Mwm.  Ko  fei«r  sopervetied.  Tbo  tocmtti. 
MMM  otwed,  w  tbat  tba  pfttimt  w»  iw  longer  oUigvd  to 
wwtbe  oriDa].  He  va«  wvn  wn-eTal  nootha  aftcrwmnlc, 
when  be  waa  in  esc«Uet)t  bealtfa,  and  tbeni  was  not  tba 
.  retun  of  tbe  Ntrictorc. 


lo  moet  Cfties  operated  apon  hy  H<!«n.  Hallos 
and  Tripier,  one  ^plicatioii  of  Uu*  coDtinuom  current 
waa  Rifficient  for  the  core  of  the  stricture ;  in  a  few 
others  &om  two  to  five  were  necessary.  In  only  one 
eaae  did  the  patient  cotnplun  of  pain  dnring  the 
openition,  and  in  nfcw  onl;  wiu  there  slight  bnmor^ 
rha]>i>  aft4>rward«.  Some  of  these  ctMB  bare  remained 
uDdi<r  obaerration  for  mor«  than  three  years,  and 
have  shown  no  relapse ;  so  Umt  the  reaolte  of  electn>. 
Ijrata  for  stricture  seem  to  be  aupenor  to  those  of 
many  other  operatiire  procedures. 

2.  Faratynt  aiul  aloni/  of  tht  BtadtUr, — Paniljsb 
of  the  bladder  occum  in  consequence  of  an  injury  to 
the  spine,  and  also  as  a  sj-mptom  of  certftin  diaeuu 
of  the  nervous  centres,  such  as  myelitis,  atony,  Ac. 
It)  euoh  cases,  the  local  application  of  electricity  to 
tbehLiddcr  can  have  no  beneficial  effect;  butgaltrani* 
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sation  of  the  spiiuil  cord  oRcn  cores  the  affection  of 
the  bladder,  along  with  the  other  apuptoma  of  the 
]>rincix)iU  diiieasft,  of  which  the  aiTection  of  the  hladiler 
is  iiiL-n.-ly  11  symptom.  In  other  oases  the  uttucular 
fibres  of  the  bladder  become  ittivphied.&tid  Iuim  tlioir 
expulsivo  power,  tliu  btaddiT  itsulf  being  u  thin 
fiaccid  ba.g.  This  occurs  when  persons  have  been 
obliged  to  retain  the  nrine  for  a  long  time,  and  ia 
kJso  il  ajruptom  of  the  geiierol  malnutrition  of  ad- 
Tanoinif  age.  In  such  cases,  faradisation  of  tliv 
b]tddcr(p.  383)  is  the  beat  remedy,  which  has  proved 
successful  in  the  Iiaiids  of  Dr.  Russetl  Reynolds, 
Dr.  Frasor,  and  my  own.  Parulysis  due  to  injury  of 
the  bladder  not  unfrequently  comea  on  aftor  laboor, 
and  has  then  the  same  pathology  as  pamlyais  of 
motor  ncrres  fmni  pressure  (p.  489).  In  such  caaea, 
faradisation  is  likewise  of  the  gn^atest  scrrice,  as 
shown  by  tho  observations  of  Dr.  Goodwin  and 
Rudford. 

Mr,  T»  of  Ancrley,  bm  nconlcd  n  Ciwp  i>f  paralysia 

of  I  hi'  ft'iuale  bladder  afier  forveiM  dolivery,  nvA  iii  inhieh 
Ihci  ordinary  ivnioilMui  bod  been  nMNl  witiiout  auy  offKt. 
Ue  then  inuodnoed  aa  iusulated  oloctroda  ialo  tlw  bUddrr 
aftor  the  oi^^  bad  biwii  umptinl,  and  appliod  furadiifnlinn. 
As  two  such  ofiiilii-ulioiiii,  Imwovtrr,  |»-u<lui.'od  only  liltln 
•ffbot,  ha  n0Sl  facadiscd  tho  lull  btsddor,  wlwn,  u»dcT  tlio 
inflneaoo  of  tbc  cJeolrio  ourront,  the  onpui  foruid  the 
nritui  out  hy  tl>c  nd^  of  llio  inatrainvnl,  and  «n  the  sami! 
day  th«  |>aiii:iil  vru  ublo  to  {Miaa  urine  vuluntnrily.  Fundi- 
twtiou  vnm  [(<|x-iiU)d  one*  muro.  afU'r  wtiiuli  tbe  jiatiajit 
Iiiul  rvj^aiuL-d  liur  full  control  over  ibu  bladder, 
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OifBcnIty  of  arinatton  in  consequence  of  ehroale 
inflnmniation  of  tlie  pro«tnU>,  lia«  already  bc«n  dis- 
cussed (p.  478).  W1i«TC  Bcoilo  bjrpcrtrophf  of  tht 
pro«t«to  is  the  eonse  of  tlic  impodiiDcnt,  |frobaI))j  no 
form  of  electricity  would  do  much  kooJ,  ulthoaffh  tlio 
continuoaa  cunvnt  il(>SL>rves  a  triu]  fur  the  care  of 
tliis  otiienme  irretnediable  affection.  In  such  coMt 
the  positive  electrode  may  be  placed  in  tlie  raotiun, 
and  thv  uegative  in  the  prostuUc  portion  of  the 
aretlim. 

3. — DUaoluiioH  of  urinaty  calculi. 

A*  br  bnvk  ns  1801.  U.  Bonner  At  Moilier  propoiad 
ttnag  galvaniRQ  for  tbo  ditmlatioa  of  calculi.  In  1608, 
Mnngiaitlini  and  Lantlo,  nni]  in  1813.  QmttbaiMn  agua 
rfxnaiaetKlvd  it  for  ench  parpos«8,  buL  it  ww  only  in  18S3 
thiit  tho  lirnl  Muccnuifnl  cxpunmentii  on  tiria  Bnhjcct  wvn 
miule,  by  Moabts  IV>vt«t  and  Dnraaa.*  The;  tbou);hi  it 
bwt  to  devtroy  tho  Rtate  of  ■ggngation  by  Khicfa  tl» 
molecnlea  of  the  calcolna  are  lioand  tocher;  fur  Umjt 
ai^ed  that  if  ooca  it  waa  mado  Mablo,  it  wonid  <Tii^ly  paoa 
aul.  Tiiey  did  not,  tliererotv.  snbjiicl  the  oalcaluii  k> 
direct  cltomica)  action,  but  ntiliscd  tho  mechanical  nctioa 
of  lorreDts  of  ^laacs  in  order  to  alter  itn  trxtnre,  and  riNlaee 
it  to  a  fine  powder.  Thoy  Hrst  Bnbiniltod  n  nt«ible  bnmaa 
cdmlos  to  the  action  of  a  vult&io  gtitc  of  li!0  (inirB,  for 
Iwrfvo  bonw  consecutively,  TIm>  pile  was  wcliarRfd  wrwy 
hour.  Plaltuuu)  wired  Hurving  a*  elMrtrodiw  worv  plnn^  Bl 
two  opposile  points  of  tbc  calculus  which  was  iinntptwd  in 
a  vet>c1  tilled  with  wat^r.  After  a  time  a  line  powder  waa 
pr0cipila(«d.  At  tlio  coimneiicoment  of  the  experiment  the 
calcnlnn  wciglit-d  02  grain*,  and  at  the  end  of  it  only  80 
groios.     After   having  been  aubjocted  onoo  mora  to  the 
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Mtion  of  thn  pile  for  16  bonn,  the  colcalac  becftme  to 
friabUi  tbftt  the  &ltj^lite«t  |iT«iMiir«  nslooed  it  to  ataalX 
crjRtalHtU)  grainit ;  the  lorgrat  frugimiDtK  wvrc  ceuveljr  Uie 
BiM  of  ft  lentil.  Bod  tbo  cftiial  of  tbe  ni-clhra  would  not 
thercTore  bnm  oppo«ed  Ibeir  exit.  PrhtMtt  and  DumM 
rande  k  liuitUr  vipiriiueiil  on  u  tiriii)-  biteb.  A  fusible 
calcillao  fixnl  u]inii  a  ituiind  wiui  intrultict'd  into  Uio  bladder 
of  the  atiiuial,  and  tbe  eleolrodes  so  urnngod  that  thoy 
toocbed  tbe  mlmln*  on  oppoirito  pointji.  Wutn  wuter 
having  beon  iujeoled  into  tbe  bbulder,  tbe  eleiotrodes  wow 
connvoled  with  tbir  pole*  of  tbe  pile.  Tbo  nlcnloB  WMi 
left  for  AD  liour  in  this  atMte,  and  wlieu  tnlceD  out  abowed 
iiiu<(}niv(x«l  »i);ns  of  decomposition.  Tlip  tnm«  proceM 
waa  TviMwted  every  inorTiuig  And  evenio);  fur  %a  hour  mch 
time,  on  sis  flaccewrive  days  ;  aFler  which  the  stono  was  so 
friable  that  tbe  ex])eriuiont  could  not  be  contJDw<d.  A  few 
day»  aflerwanls  tbo  bitch  was  lulled  and  tbe  bliulder  el- 
amiDed ;  it  wim  then  obcervod  tbst  it«  tijuae  had  in  do 
wi^  beeu  injuNd  by  Uw  oponlwu. 

la  1835  H.  Bonnet,  of  L^ons,*  succeeded  in  diasolvinf^ 
wlcilli  by  tbo  direct  cJieinical  nciion  uf  the  rollaic  pile. 
I[c  plikood  diDerent  c&ldali  belw(<eti  platinum  clccdrotleit 
immented  in  a  nolntion  of  a  dmdim  of  nitrate  of  potaxfa  in 
fbnr  ooaoos  of  water,  and  ditaolvcd  litem  bjr  directing  a 
eontinuuux  tnirrvnt  to  tbeir  texinre.  Stones  of  oialiit«of 
lime  were  tbo  oiiljr  ones  wluoh  reaigted  tlie  action  of  tbe 
^Tamnn,  while  cnlcnli  of  every  other  deacription  were 
diaaolved  more  ur  leea  rapidly.  Tbe  ptnnt  eetablubed  by 
tba  rcMnarobes  of  If.  Bonnet  is,  that  we  may  ooovey  to  tli« 
•tone  aoidn  ami  nlkiklini,  Ri«n>ly  by  tbe  eleiitrv-cbeinical 

'^dwonposition  of  a  *alii>i>  solution,  without  (hc«e  pinerfal 
inlwtaiices  being  difinse*]  in  the  nrine  cxMitained  in  lliB 
bladder.     Moxt  nrinniy  calcoli  are  dimtolved  eilhor  hf 

I  sitrio  acid  or  by  poinsb ;   but  thee*  anbatanoos  coaaol  ba 
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iiitiiMlnool)  into  tbe  bladder  witliotit  otBtcriMng  Ita  tinav 
If,  bofrcver,  ksoliiUoD  of  k  nimUnt  mlt,  sncb  u  nitre  bi 
ipjectod  into  tlie  UaiMer  containing  tbe  onlnuliu.  tad  tbv 
eloetrodM  ooiincctod  witli  tbo  polos  of  tb»  pil«  Km  Buule  to 
tiiUL'b  i>{i|>OBitc  mirlitocii  of  tbo  iitono.  th«  notation  of  nilm 
ill  diiX)mpu«c<l,  nilric  iwid  beiuR  attncted  in  wry  emkll 
qnaatitiM  to  the  [toaitire  pole,  and  potMb  to  tbe  nefr>tive 
pol«.  Ooe  or  tbe  eidoH  of  the  c«1culue  will,  tberefore, 
be  nbjeuted  to  tbe  OiCtion  of  nitric  ncid,  vul  tbe  otber  to 
tbol  of  ciktiKtic  potash.  If  tbi>  ittoues  be  coroiiosed  of  phoe- 
phatee,  it  will  be  diMiolnid  oa  tbe  mthI  *k1o  ;  wbib>  if  it  be 
rontpcMcd  nf  aric  add,  or  untie  of  ammonia,  it  will  be  div 
Bolved  on  tJie  alkaline  aidfi.  But  whitf  tbU  proooM  uf  di»- 
•olation  ia  going  on,  the  calcnltm  und  tbe  muvouB  inem> 
brane  of  tbe  bladder  ore  in  contact  witb  a  neutral  aolntion. 
If  tbe  action  of  the  current  be  hept  up,  tbe  electrodo 
gradually  ponclratcB  to  the  interior  of  the  ntOM.  ba( 
alwBVH  on  ono  side  odIj*.  In  tliiii  way  stoovH  of  pbii«pbat« 
i>f  niiiuitmia  and  magueHJa,  pboa|ibute  of  Uiik-.  arounnia, 
and  inagiic>8ia,  urate  of  oniinontn  and  uric  add.  are  capiibla 
of  being  diiiHolved.  If  the  tvsture  of  tbe  stone  be  vrtj 
dense,  the  solution  will  be  confined  to  the  point  totiolied  by 
tbe  eleclnxii',  but  if  the  «toDe  be  formed  of  lojera  whtuh 
are  only  ft.>ebty  oouiiec-ted  with  each  oilier  (oe  i*  tlie  oa«e 
with  such  of  nmte  of  amtnonia,  and  triple  phmtpltalee),  or 
if  it  bo  poroue,  whi'ii  forineil  of  pliosphate  of  ammonia  and 
ma([neaia,  tbe  calcnluB  will  sooii  become  Meble,  ami  U>o 
layen  Mponitod  fi-om  each  otiier.  Tbe  diosolred  paK 
doe*  not  remain  in  eolutiou  in  tbe  liquid,  bat  ii  pndpilatvd 
in  the  bladder  aa  a  Giiv  powder  of  subplioopbate,  or  of 
uric  acid. 

In  Llie  courao  of  his  experiments,  M.  Bonnet  eeTeral 
tinea  chunked  the  saline  solation  ia  which  the  onleali 
were  imni(Tr*ed,  unng  tbe  ])hoephate,  tbe  bjdriiKihlorato, 
and  tbe  borate  of  soda,  and  tlio  fliiate  of  potash,  iiutwul  of 
nitn ;  but  he  fuund  that  none  of  those  Bolta  bad  sooh  a 
goneial  and  powerful  action  as  iba  oiU«t«  uf  potash. 


CBir.  v.] 


URINARY  CALCULI. 


fllO 


. 


Similar  «xpenmcntH  were  nude  in  18&3,  h^  Dr.  Bouop 
JoDos,*  who  Ronfinoed  nearly  nil  tUo  resatta  pnonoDsljr 
obtained  by  H.  Iloimi!!^  but  fouwl  tbat  caleuli  of  onloU 
of  limo,  whicti  tinil  Iwcn  prononnced  indiamilnbla  by  M. 
Bonnet,  could  be  di«olved,  altfaoDgh  only  slowly. 

Tlw  only  unUinr  who  nGHnus  bavinff  diMolved  catoali 
in  tbo  buDiiin  bbkddvr  by  gdvftiusm,  in  Dr.  Mclichcr.f  of 
Vicnnii.  lint  lui  )ic  lius  not  dr<i(-rihrd  the  inAtntmsiito 
UHHtl.  nor  ^ivL-u  bia  oaiwa  in  full  dolail,  bis  atulttinenta  nra 
devoid  of  valao. 

Tbu  uiuclmTiicnl  vffDet  of  oleebie  dbofaargc*  hiu  nino 
been  rccom mended  for  ilisintcgntiog  ealcnli.  It  in  well 
knuwn  that  i-li-ctric-ity  of  bi^h  tension  is  ubio  to  dotroy 
tbo  moloculnr  st.iiictnro  of  impprfcct  condactora ;  tbus 
lightning  will  bri-nk  and  pulveriw  stoaca,  pODCS  of  ghu*. 
and  other  Himilur  bodies  which  it  ciinnot  tnirerw  wil]»oal 
destroying  Ibein.  Pro«<oding  fi-om  tbtmi  fuct*  Ur.  Robin- 
Hon  ho*  tiudeavonred  to  redaou  BU>ues  to  a  6(ie  powder  by 
diaohftrging  ■  Ijoyden  jiu-  through  tham,  and  bu  snccoedml 
in  pnlwrijuug  ]iho»[>huliu,  inullwrry,  and  litliio  ncid  valt-'uli, 
which  were  pivvioosly  placed  in  a  bladder  or  in  tmmIs  of 
glaM  or  eartliuunaro  611ed  with  wat«r.  No  effeol  wua 
prodnoed  if  (bo  fnin'ouodiDg  medium  vas  air.  lie  reoom- 
invDih  tbo  introilnction  of  two  conducting  wirca  fay  mcaos 
of  on  elastic  calbeter  into  tbo  bladder,  tlw  wires  b«in^ 
oonnootcd  iwjinmtely  with  the  inner  and  the  outer  coating  of 
tlie  jar,  and  ibnr  free  eilremitiea  being  separated  in  order  to 
gras|>  tlio  stone.  Howercr  ingenioui  all  thcM)  ideas  and 
«K[Hmme»ta  nmj  be^  il  is  not  likely  that  eleotrioily  or  gal- 
ToniND  will  over  anporaodo  litlivtrity  for  the  Iroatuiuul  of 
smull  atonea,  nor  lithotomy  for  tliat  of  large  ones. 


■  PhiliwDph.  TrMMriicv*.  lUS,  p.  901. 
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XVn.— DISEASES  OF  THE  MALE  ORGANS   OF 
GENERATION. 

1.  Impotmey. — Electricity  has  often  been  recom- 
mended and  used  for  the  care  of  impotency.  Dr. 
Westring,*  a  Swedish  physician,  has  recorded  the 
case  of  a  man,  aged  36,  who  had  become  impotent  in 
consequence  of  debauchery ;  erection  was  imperfect, 
ejaculation  took  place  too  quickly,  and  without  any 
pleasurable  sensation.  The  patient  was  treated  with 
the  continuous  current  of  a.  voltaic  pUe  applied  by 
means  of  metallic  conductors,  and  had  within  a 
fortnight  qnite  regained  his  virile  power.  M.  Sta«- 
quez  t  cured  a  case  of  impotency  by  shocks  from  a 
Leyden  jar  j  his  patient  was  an  officer  ^ed  35,  who 
had  been  completely  impotent  for  several  years. 
M.  Duchenne  X  baa  been  successful  with  faradisation 
of  the  testicles  and  spermatic  cord ;  and  M.  Schultz  § 
and  M.  Boubaud  ||  haye  likewise  seen  good  results 
from  the  galvanic  treatment  of  such  cases. 

Want  of  erectile  power  is  a  frequent  cause  of  im- 
potency, and  curable  by  electricity,  unless  it  is  caused 
by  malformation  or  other  serious  pathological  changes 
in  the  male  oi^an.  In  such  cases  faradisation  of 
the  isehio-cavemosus  and  bulbo-cavemosus  muscles, 

■  Journal  du  galvanismo  el  de  la  raccinf,  1803.     Vol.  i.  p.  297, 
f  ArchtreB  bcl^s  dp  m^decine  inililaireT  1349. 
;   De  rilcctri^ntioQ  locsliB^e,  eto.,  p.  761. 

I  Wifner  mediiiii.  Wochenschrift,  1857-     No.  10. 

II  Trnit^  de  I'iinpuiBBiiDce  ot  de  la  eteriliti  chu  rhommc  ct  chei  la 
femme.    FuriB,  186&.    Vol.  ii.  p.  685. 
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whioh  pvoside  over  «rertion,  is  usefiil.  The  same 
application  may  be  resoi-ted  to  in  cases  of  sexual 
hjpocttORili-inais,  where  p«tient«,  for  Bomo  ri'Wicm  or 
anotlicr,  iinngino  tliat  they  ore  impotent,  but  where 
Tirili.*  power  is  not  n^nlly  impaired.  In  nnttathesia 
uf  the  skin  of  tlio  ocxual  oi^^is,  furndtiutiuD  of  the 
skin  of  the  or;^us  may  be  resorbed  to. 

Oak  7S.— Id  Juno  1996,  Mr.  Citrlinff  lumt  to  me  a  gwf 
tleman.  n^ged  S6,  who  had  completely  lomt  his  viril*  powvr 
after  gouorrfacDO,  for  the  euro  of  which  ho  Itad  been  adTised 
to  makfl  eaiutia  injections.  FkuadiiatioB  of  tli«  ischio- 
cavomomu  and  bttlbo-CBTomosai  mtucle,  and  of  the  penis, 
restored  his  energy  in  a  short  time.  Tliv  power  wras  mH- 
seqoontly  tost  again,  but  rotnmod  for  pwd  after  a  second 
oouno  of  fiuadiantion,  in  August  18^9. 

WTiere  impotency  is  caosed  by  general  inaluu' 
trition,  diabetes,  syphilis,  lead -poisoning,  or  tba 
habitual  use  of  opium  and  hn«hooeh,  excesmTe  tea  or 
coffce-drinkiuy;,  by  over-study  and  similar  eanaes,  a 
geoorul  treatment  should  bo  combinvd  with  the 
•pplieation  of  electricity.  In  such  cases  the  oon- 
tinuotu  current,  applied  to  the  lumbar  spine  oon- 
tinuatindy,  and  to  the  penis  and  testicles  inter- 
mittently, is  BQperior  to  faradisation.  Where  the 
Tirile  power  ia  lost  fVom  disease  of  the  S])itial  cord, 
galvanisation  of  the  oord  fVeqaently  restores  the 
sexual  energy,  withcmt  any  local  application  to  tbo 
Mxuat  organs  having  been  made. 

3.  JS(«n7i(y.— llr.  Curling*  has  shown  in  an  cx- 

*  A  Vt»nieai  TrMliM  oa  tbc  Dinnura  of  tb*  Tedca,  *mi  id  tb* 
OsnJ  anil  tkntooi.    Londoa,  IIM.    Tttinl  edilko,  p.  ttt. 
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ocllent  p&jtcT  nn  Uiiii  mljiect,  tbat  thore  maj  be 
capacity  for  sexual  interooanc,  but  iit  tlic  «iunu  time 
inubility  to  procrvate;  and  tbuttbis  inability  in  man 
lu-Ucs  from  mulpusition  uf  tlie  t«Htick>s,  ubstmction 
in  the  excretory  ducts  of  tbe  testicle,  iiDpeclimeut«  to 
the  eBoape  of  the  BemiiuU  fluid,  and  aspenuatismas. 
Whether  deficient  Kcretion  of  semen  may  be 
improved  or  cured  bj  electricity  in  at  prp^sent  not 
known.  It  does  not  appear  impossible  tbnt  it  shoald 
be  BO,  for  electricity  lias  considerable  effects  in  rousing 
tlie  activity  of  the  vaiKi-motor  nerres  in  general. 
By  electrifying  the  skin,  we  may  produce  erythema 
ond  papular  eruptions;  in  cases  of  amcnorrhixa 
electricity  is  often  instrumental  In  promoling  nornul 
menstruation ;  in  paralysed  limba  which  haro  beeo 
cold  and  flabby,  animal  heat  may  be  restored  by  its 
uim;  a  deflcieut  secretion  of  cemmen  may  be  im- 
proved, and  hmteal  secretion  in  women  alU-r  parturi* 
tion  may  be  excited  by  it ;  and  the  secrotiun  of  teafs, 
i>f  nasal  mucus,  and  of  saliva,  is  stimulated  by  tho 
application  of  electricity.  It  tberefore  appeurs,  d 
priori,  not  unreasonable  to  expect  that  the  leoretion  of 
semen  may  be  restored  or  improved  by  galvanising 
tbe  testicles ;  provi<led,  of  cotine,  that  the  want  of 
secretion  is  due  to  paralysis  of  the  vaso-motor  nerres 
of  these  organs,  and  not  to  the  results  of  infliuiima- 
tion,  cancer,  tubercle,  or  other  patliologival  proeceses 
which  destroy  the  texture  of  Oie  tt^ticles,  and  there- 
fore render  any  secretion  of  sctnen  impossible.  Ob* 
servations  on  this  point  arc  as  yet  wanting,  but  in 
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the  abaenco  of  other  remedies  for  the  condition  just 
ineutioned,  electricity,  and  more  eaj>eciaUy  the  cod- 
tinuoDB  current,  deBerre  a  trial. 

S.  Sprrmntorrkcea, — £xcei(sive»pcrnin.ticdutcliargies 
maj  occur  both  during  sWp  and  in  the  duy-time, 
and  are  geiwnUlj  tlic  consequence  '  of  tho  passions 
bving  excited  without  an  opportunity  being  afforded 
for  their  gratification.*  *  In  nine  cases  out  of  ten, 
^wrmatorrhcea  cornea  on  aAer  masturbation  has 
been  practised  for  some  time,  and  constitutes  a  verj 
troublesome  complaint,  which  is  generally  attended 
by  symptoms  pointing  to  a  profound  disturboooe  of 
the  central  nervous  syMtcin.  Mr.  Curling  recom- 
mends the  application  of  nitrate  of  silver  to  the 
prostatic  portion  of  the  urethra,  in  those  oases  which 
do  not  get  well  by  a  constitutional  trefltment,  and 
the  occasional  introduction  of  bougies;  and  his  suc- 
cors appmrs  tu  have  been  very  marked,  tialranisatioa 
of  the  prostatic  portion  of  the  urothru  (p.  327)  may 
likewise  be  employed.  It  bus  tlio  wlvantitgc  that  it 
can  be  readily  adapted  to  the  special  seuBibility  of 
each  patient,  and  that  it  causes  no  distress  dnring 
or  after  the  application,  if  this  be  judiciously  per- 
formed. 

Camb  "C. — A  gcntlf^iiBn,  nppd  2*>,  con«nltr«l  mr  in  Jnnn- 
aiy  l^Gfi.  He  btul  burn  in  gao<ii  buallli  mitil  lie  l>v)j^n  to 
ina«tarbate  five  yuan  agn,  wbich  bubil  bo  had  canlinafd 
for  thrM*  or  I'mir  year*.  Witliin  tbc  Iiut  (lireii  years  li«  liad 
tulTvrfd  from  extremely  fre((acnt  cvoiiiia]  caiiuious  at  nigfat, 


*  CuriJa^  loe.  cit  p.  i(t. 
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in  onniKuinonce  of  wbieh  bo  iMd  booonw  verj  miidi  debfli- 
iaUmI;  mX  prnml  not  &  ffiii^lc  cigtit  ponied  witboat  aa 
•DUMios,  »nd  thorr  were  Mmi-tiine*  ifarM  in  oae  niglit.  Th« 
mnoorj  ns  bad.  Ui«  palUnl  futt  nnablo  to  work,  knd 
OOdtplainod  of  botvuMa  about  tbe  bead,  great  drapondcacj, 
■tod  pMn  and  wnkneai  m  the  back.  I  praceribvd  uiner*! 
actda,  and  applied  tb»  luigntiro  polo  of  fifteeu  cella  lor  two 
ininntM  to  the  T«ro  mimtaaum  bv  mcuD*  of  an  insnlaled 
motallio  condaclor,  tho  positive  pole  being  pUced  to  tbe 
porinwnin.  Tbc  galvaniam  vaa  aft«rwardii  applied  to  the 
parts  Mrt««iallj,  tkrM  tiniM  a  week.  The  {wtient  bow  had 
no  emtnion  for  tillcvn  ntgbta  coaKCcutivolv.  He  bad  noo 
in  lb«  nxteeuth  nigbt,  and  galvaiUBation  of  the  oretlus 
waa  then  repcaUNl.  After  tbis  bo  went  «Ut«en  ni^bts  until 
ho  had  another  enuasion ;  and  the  one  bo  had  then  was  th« 
latb  bo  bad  while  bo  continnod  nnilcr  my  can  (tlm* 
nontha).  His  tfi-neral  health  had  at  thexaino  tinte  beoooia 
much  bett«r,  and  tho  daspoodoncy  of  mind  had  given 
place  to  bia  natnral  cbeerinlneas. 

4.  Uydrofefe, — I>r,   Itniicfaenberger,  of  the  tinit 


Slatea'   Nary,   Prof.  P^trwjuin   and   M.   Sooatet 


have  cured  obstinate  cases  of  hydrocele  by  ^tiuio* 
poncturc,  both  electrodes  beiof;  introdneed  into  tb« 
sac.  Dr.  Ijehmann  and  M.  Tripier  have  tued  ftundo- 
puncturo,  and  bare  aUo  been  satisfied  with  tJie 
resnlt.  Dr.  Fricdlaead«r  of  Vienna,  and  Mr.  Powell 
of  Dublin,  liave  succcstilVilly  us«d  the  mi>thod  first 
recommended  by  mo.  vir.  to  direct  the  negatire  polo 
only  to  the  liquid,  and  to  place  the  positire  outtidc. 
Two  needles  and  fifteen  or  twcn^  cells  appear  to  b« 
generally  sufficient.  Care  should  be  taken  that  the 
points  of  the  ndcdlos  should  project  into  the  fluid, 
aa,  if  they  were  merely  paued  into  the  snbcutauoous 
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edlnlu-  tiflsue,  or  Uio  liiuic-H  d*rto«,  the  current 
would  only  net  Dpon  thine  meinbrancs,  but  uot  upon 
thii  liquid  Accutnul»u<d  in  the  nc  of  tbo  tunica 
ragtnalis.  The  operation  should  last  for  five  or  seven 
ininutesi  and  at  the  name  time  gentle  preflfinre  be 
iniide  apon  the  tumonr.  After  the  ojieration,  tlie 
scrotum  appears  puflVrd,  and  tlie  quantity  of  fluid  in 
the  sac  i»  diminiHlicd.  If  olectrolyais  is  used,  one 
appUoation  is  aafficient>  while  for  famdo-punctore 
three  or  four  operations  are  gvnerally  required. 


XVIII.— DISEASES  OP  TIIE  FEMALE  ORGANS  OF 
QKSERATICIX.        • 

1.  Ammo'rr}ieea. — Electricity  baa  been  freqaently 
employed  for  the  cure  of  amenorrhoui,  and  gcneruUy 
with  BaiisTiictory  pemjlts.  Dr.  Qoldin;;  Bird*  «i- 
proMOD  bis  belief  tlmt  electricity  is  the  only  really 
direct  emmen^o^e  we  pomoss,  and  that  it  always 
excites  menstruation  wbere  the  uterus  is  capable  of 
peribrmiag  this  function.  It  appears  indeed  that 
every  form  of  electricity  has  an  atroost  specific 
stimaUitisg  influenc*  upon  the  rasomotor  n.T»c«  of 
the  oraries  and  the  uterus.  I>r.  Bird  has  cured 
twenty  out  of  twenty-fonr  cases  of  amenorrhraa,  by 
the  application  of  static  electriei^.  The  mode  in 
which  lie  applied  it  was  to  transmit  a  dozen  Bhoflks 
from  an  electric  jar  holding  about  a  pint,  tlknni|;li 
the  pelvis,  one  conductor  being  placed  over   the 

•  LMnn*  on  Elvctricitj  add  OBloDiim  in  tkttr  Fhjiiolagickl  Mil 
Tharmpeoiical  fUUtuMs.    LoodM  MfdinJ  OhhO,  ISiT.  p.  TM. 
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lumbo-sacrul  region*  wul  tlie  otlt<>r  ju9l  abore  the 
pubeii.  Cnsci  of  ameoorriian  euivd  bjr  the  »ppUe»- 
tioD  of  Uiu  cuiitinoout)  current  b»vc  I>««ii  rvooidBd  hy 
Dn.  Wuotrin^  uiul  ik  Mullc ;  aiitl  Sir  jAtncs  Slmpton 
baa  seea  good  restiltfl  from  Uic  use  of  bis  intra-ttlmiMi 
gtUvanie  pemariet,  vbicb  are  cumpoaed  of  copper  and 
zinc.  The  indaced  cuiront  baa  prored  benelicial  in 
the  bands  of  Dacbenne,  Scbulii,  Baierlacfaer,  and  tnjr 
own.  Kven  a  ligbtning  »troke  b««,  ocoorditif;  to 
Or.  Le  Conte,*  bruugbt  bock  tbo  mcngtmnl  fanotion 
in  a  ncfrnitis  M>*pntj  years  of  age.  in  a  plantution  in 
{jeorgia.;  in  tbia  person  tbe  period  bod  veased  for 
more  than  twentj  yeam;  bat  after  she  bad  been 
Btrucb  by  li<;btuiu^,  tlte  moaMM  were  complotely  tc- 
establisbed,  and  continued  witb  tbc  utmost  regabuity 
for  more  tban  a  year  after  the  accident;  at  tbo  ifane 
timu  tbe  miLmiuie  bad  become  eiUarged. 

Electricity  is  eapeciatly  Talaable  as  an  emineDa- 
gogue  in  young  woineti,  where  the  uieiMtrual  fiinc- 
tioa  bas  not  yet  been  fully  established  in  conso- 
ipieiico  of  a  toq>td  state  of  the  Titwmotur  tierrca  of 
tbe  oTiu-iL-tf  and  the  uterus :  and  also  wlieu  tbo  vata- 
inenia  have  been  lost,  afler  labour,  or  in  consoijiienoe 
of  cold,  shock,  or  nieutul  anxiety.  Where  umeuor. 
rhcea  w  cuusi'd  by  BtructumJ  diseases  of  the  ovaries 
and  tbe  uterus,  tbc  prugnoflis  is  not  so  favourable. 

I  have  taken  some  trouble  to  detenuiue  the  most 
cBvctual  way  of  administering  electricity  in  ameiior- 
rboea.     Ducbeuue  has  recommended  dnidisation  of 


*  St*  Vork  Joanul  of  UtdUv,  t8i4. 
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wotnb,  which  ia  certainly  very  effective,  bat  not 
kpplicobli*  to  unmarried  woinun.  Expcrionoe  has 
iiomi  m«  that  in  many  casos  tliQ  catamenia  are 
broagfat  on,  wliatever  part  of  the  body  may  liave 
U^en  faradised  ;  but  that  the  most  effectual  wilv  aftvr 
riinulisation  of  the  wotnb,  is  to  apply  one  electrode 
to  the  abdominal  i)iiriet<>«,  and  the  other  to  the 
lumbar  spine.  It  has  frei|Ui;nt]y  happened  in  cases 
undiT  my  care  that  the  catamenia  appeared  after 
one  or  a  few  applications,  when  the  faradio  treat- 
ment was  employed  for  anotlier  complaint ;  thus,  for 
instance,  in  a  lady  snfferinff  from  aphonia,  I  gnidod 
n  mild  current  along  the  course  of  the  recurrent 
nerve  j  a  few  hours  afterwards  the  catamenia,  which 
liad  not  been  expected  for  a  week,  appeared.  In 
another  lady  I  faradised  the  drum  of  the  ear  for 
ner\'onH  deuibess  and  noiwes  in  the  Ii<^a<l ;  snon  aftrr 
the  operation,  the  patient  felt  a  i^neral  sensation 
throii(;bout  her  body,  and  the  oourvea,  which  bad 
before  been  tardy  in  their  appearauco,  bad  cone  on 
a  week  too  auon. 

i  subjoin  a  case  of  amenorrboKi  which  preoenta 
»ono  interest  partly  on  oceount  of  the  advanced  age 
of  the  patient,  and  portly  because  electricity  was  not 
used  with  Uiu  intuntioa  of  effecting  a  return  of 
menstruation : — 


Cut  77. — A  mnrriM  woman,  tat.  W,  wiu  ndmlttod  as  aa 
oat.|)Hticnt  at  the  iiiOrKiiiry  fur  ejiilepKy  and  pamtyals, 
under  tny  care,  on  May  A,  1866.  Six  yean  ago  she  li«d  a 
pnralylie  stroke  wluvli  took  away  the  nso  of  the  left  »ide. 
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She  Wfta  then  ao  ill  for  thrae  montliB  tknl  bn*  liflp  waa  d»- 
paired  of.  Sbo  had  batl  manjr  miscnrringM,  and  aoreral 
ohiMrrai,  bat  none  of  them  vvn  ttow  living.  Shortly 
bofom  nhs  liad  tha  attack,  tbo  conntM  stopped  kkiij,  nho 
bcitig  theu  -^  jean  old  ;  when  slie  fiml  iiimmkI  lliem,  xhe 
hud  B  ifivat  deal  of  pain  in  the  hack,  aud  nuflirivd  fVoni 
fiflk  bcodiivhcii.  8Iip  bod  never  xccn  n  nigti  of  tlieui  nine*. 
She  had  novr  nearly  reooTered  the  nae  of  the  arm,  bat 
there  WM  almoxt  pompli!tfi  itniKKtbpsin  of  the  loft  h)g  from 
tjie  kiiue  downwards,  and  walkiiif;  was  ven-  troiible<aonK'. 
I  rwiortod  to  fiuwiiKntiim  nf  the  idein  ofUio  anoMthetie  ley; 
tuid  uftvr  thin  hud  buen  done  seven  timed,  Uio  patient  m> 
Canned  mo  iih»  hod  booa  vpn-  macb  nxtoniahed  by  tlie  period 
Imviiig  retnmud.  It  came  tuvirc  luon),  at  a  month'))  inter- 
val each  time,  tifbor  which  I  lost  sight  of  tlio  patient. 

S.  Chrome  m«triti». — -Projich  gnrgftons  fire<]ui.>nUr 
employ  fiLradisutioD  in  infl»mnmtory  conditions  of 
the  womb;  and  to  M.  TripJer*  jfreat  merit  U  duu 
for  having  improved  the  method  of  applying  cloctri- 
city  in  Buch  caaes  (p.  ^87}.  Measre.  tienu  mid  Fiino 
hikv«  been  equallj  successful  with  the  faradic  troat- 
meut  of  ntcrine  discaac  as  M.  Tripior.  I  bare  llke- 
wiae  had  a  few  cases  of  it  imdvr  my  care,  in  whivli  tb« 
results  liave  been  so  satisfactorj,  that  I  feel  jiisUfled 
rooommending  a  more  extended  use  of  taradi- 
Nation  to  obstetric  physicians. 

1'ho  influiinco  of  fiimdiitation  in  aterino  diMam  la  eatnly  ' 
uodertitood  if  we  cxinoidpr  th«  minnto  anatomical  structan.- 
of  tbo  womb  aiiJ  it«  uppendagoN,  and  tbo  potliolofpcal 
nature  of  the  principal  diaeasea  to  which  this  ornon  i*  liable. 
The  substance  of  titu  iUctun  conNistx  of  throe  diflereot  layem 
of  orf[nuic  muacolar  fibr^cells,  whwb  are  intimately  ooo- 

•  Mnuuil  dilMtrarbdniiit.     Parra.  IBBI,  f.  M«. 
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ncot«(]  witli  one  nnotlMir,  aaH  pnrrodoil  bj  a,  fnnnidrntblo 
niaas  of  nooleated  canncolive  tia«uc,  witli  wUk-)i  lli«  muH- 
i^nlar  fibroa  kk  tu  intcrinceil  thut  it  in  almont,  inipoMible  to 
iHuIaU:  tb«  oeveral  atrucUiral  ol«Diuiilti.  Tli«  biMuL  ligM- 
miiDta  bjr  which  tlio  aU.Tiui  in  kr]>l  in  itH  prnpor  positiun, 
(wntaiD  It  cmil.inHatioii  of  Uioso  maacular  6bre6.  Now,  the 
<!hiuf  morlni]  chtuifti-'^  wliiob  oocnr  in  llin  ti»itno  of  ihi< 
iit«ru8  ai)()  brotul  lij^mcnls  consist  of  atrophy  of  the  con- 
tractilo  librM,  wiUi  vlTuitiooii,  and  rulativv  or  nb6(>1ul«  iii- 
craase  of  ooiinoctiv«  tiesno ;  anO  fanidioalioD  acta  bou«- 
liviiUljr  by  itiilucing  (■untructioDi  of  the  miucnlar  fibms  and 
strenj^llioning  tlicir  torn.',  wbiUi  itt  th«  immo  tiiae  it  pni- 
roolca  tlic  Ab^urptXou  of  cfiarionii,  aiul  chocki  the  niKlno 
prolifvrtttioD  of  eoiinective  liame, 

Ckronio  iaflaiiinialion  occurs  kflcr  child-birth,  ni|)e*ted 
iiii»oamuge«,  and  nechaoical  ii^ury  to  th«  [iiirtti,  ur  from 
disturbouoca  of  the  Kbdominal  diTolnlion,  cold,  mentAl 
I'jnottons,  nioAcnUiry  biibit*,  liubiluul  conntipoitinii,  luid  ■»• 
ci!<«Kiro  BCxnal  indalgcnoo.  lt«  chief  anatomical  feMturu 
conNijri«,  aoounliiig  to  Scooiiuiu,  of  lui  ciocieiiTO  growth  of 
conncL'tivo  ti>«i)r,  wlilrh  in  fumicil  bjr  the  orgAnintion  of 
tho  tjrmph  cHnsed  botwevn  thv  oiuncular  fibraa  of  the  womb, 
,  cftulng  eomprcsidon  or  eroo  oblitoralion  of  the  Mood- 
voMolfl  in  Komc  ]nrl(i,  and  dilatfttiun  uf  llu<  naino  in  otbora. 

EiilotjteRiont  of  tbo  ut«ruH  without  inllaniuiatiou  occum 
after  child-birth,  in  conHCc|uonc«  of  dofM'tivo  inrolntion  of 
that  organ,  and  ita  aymploina  are  nmllar  to  thooe  wMeh 
are  doe  to  tnic  chronio  inflammation,  ria.,  a  soimtion  of 
wvighl,  fulucHH,  and  dragfpug  about  the  pcIrU.  Slanding 
and  fralking  are  shnnncd,  and  if  a  little  more  cxcrciw  than 
umiim}  in  taken,  Kuvcro  pain  is  fi-it  in  the  hypogusirium,  Ibe 
ingnitial  and  Hacral  region).  The  attamtmia  are  moatljr 
Boanty,  irregular,  and  painfal ;  a  IcQCorrlioal  diiichai^ge  it 
dlbor  pumwHunlly  praMat,  or  ocoura  a  fen  dnyn  previooi 
to  tbo  period.  Digvatjon  is  tardy  aiid  iiu(H-TrtH.-l,  thvreutlVe- 
(|u«ntly  Mcknoss,  haliitual  ccnutipatton,  and  tciM^maa  alxyat 
the  bladder  and  ihe  rectum,  aud  arnnuia  and  a  wrak  and 
irritableoondilionof  thcnorvonaiyalcni  follow  in  deeoounc. 
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Ci9X  7U A  married  lady,  ugeA  HG,  )iad  Ihrcr  chihlron 

TOjy  4|aio1clf  ftftor  ono  another,     Slw-  luul  bur  bat  l-odIIb^. 
monl  four  jruuni  Mgo,  and  diivdlj  after  tliat  began  to  feci 
veiy  ill.     Ilcr  medica]  attondant  tAtd  )i«r  that  hIic  wovU  i 
moat   Ulcoljr  have  no  more  ohililrcu,   aa  ibore   Iiai]  batUi 
inflKmniation  of  tho  womb  after  the  confinvawnt^     She  I 
all  mcrgy,  and  fell  iitiiiblo  U>  Buporintond  her 
Kron  writing  and  reading  wvro  tronbloftinno  to  her.     Tba' 
period  wa.i  rugnlar.  bat  |>ala  and  scanty.     Kgenlioa  waa  ' 
tedtouH,  and  tfao  bi>wcta  biibitoally  ccwtiro.     Wnlking  Kod 
BtAQdiiig  were  so  puiiifiil  ihat  ihv  piuuod  bcr  lifu  chivQy  in 
bod  and  on  the  sofa.     Wbcncvor  sbo  attotuptod  to  wnlk, , 
hIio  hud  a  biruriiig-dow-u  umiiation,  an  if  the  womb  were  < 
going  to  bo  L>x))pllctl.     !^Lc  ImbitnaUj  Buffered  from  rulneaaj 
aod  hcBvincsi  in  thi-  pvlvin,  and  altio  from  cbillH  along  her  I 
back,  which  came  on  yvcry  evening.     Those  httt«r  wf  re  ao 
C(>nnt«nt  that  rim  had  been  tr>utt«d  for  agar,  and  tukoB 
qiitnino  atid  arsenic,  without  any  elTeot.     She  liad,  bow> 
eri»-,  ncror  had  real  ague.     Sho  had  bcm  snbjuctod  to  a 
variety  of  local  treatmeni.  but  nothing  had  Kumed  to  have 
any  bono6cial  influence  on  her  (nnditiiin. 

The  lips  uf  the  ok  m>re  indurated  nod  enlarged,  thsj 
dilated,  and  tho  body  i>f  the  womb  nenrty  twice  ita : 
Miao.  A  iM>inewhat  copiona  itei-retion  took  place  fn^m 
corrtcnl  canni,  hot  there  was  no  niceralion.  KaradiHatiun 
wa*  now  hail  recniirKo  to  (June  I8<>7),  and  tho  first  appli- 
cation of  it  did  good,  as  the  pationt  felt  loai  heavineaa  Knd 
fulnetw  in  thu  pclvui,  and  muld  walk  aitil  atund  withoitt 
bring  eo  mnch  troubled  by  bt-aring-down  aenaationa. 
After  tax  applicaliunii,  the  patient  eonid  walk  a  mile  with 
oompamtivo  comfort.  The  uteni§  had  ihon  already  oon- 
aiderably  L-oniraeted,  aiid  the  lipa  of  thu  oa  bod  bcoome 
Bofter  and  Knialter.  1'ho  period  came  ou  aflcr  tin  aixtli 
apptieation.  It  was  of  a  iHMtur  charaoter,  and  not  DOftriy 
•0  pninfii)  aa  before,  Tlte  pationt  hod  fourteeu  mora  appli- 
oationa,  and  I  then  diiioontinnod  tha  treatmont,  M  slw  had 
flUDcdrod,  and  further  applications  might  poaaibly  have  l«d : 
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to  ftbartion.  The  patient  vru,  w-ben  I  Iiucl  luunl  of  bor, 
advaucnl  in  prt'g nancy.  And  luul  nil  l)i«  tinie  been  able  to 
rtike  aoliTu  uitTCtnv.  Uve  fp>a^nd  hi-itlUi  was  very  niuck 
beu«r,  uid  sbo  bad  novcr  boun  obliged  to  bnvo  raroarM  lo 
opening  mediciiiea,  unoe  fkntdiaatioD  vw  linit  u«ed. 

Dr.  G.  Uiirmy  *  luu  used  8ir  J.  Siin[>»on'tt  i^Tiuiic 
peBsarieti  for  tLu  relief  und  cur»  of  xub-involution  of 
tbe  at«ru8,  wlitTu  thi-  or^pui  is  livarj,  burger  than 
natur&l,  aud  flubbj  to  the  toacb ;  tbe  oa  ut«ri  open, 
or  readily  adinittinfj  tlie  point  of  the  foi'e6nger;  the 
anterior,  posterior,  or  both  lips  thickened  or  ekin* 
gitlod ;  niid  wliero  titere  in  an  i^ffvuitivti  dwc^argo  fiuni 
the  cnrit;  of  th«  womb,  and  an  cxo«ftii  of  incnatruul 
flow.  In  one  case  of  tbia  kind,  where  the  organ  was 
aJso  retrorert«d,  and  Ilotlge's  pessary  liaH  fiuted  to 
r«nu!iljr  Uic  di8ea«ed  condition.  Dr.  Mumiy  suc- 
oe«cll^d,  by  the  introduction  of  the  ^alraiiie  [itiMajy, 
in  reducing,  in  ihc  oourm  of  u  fortnight,  the  hirge 
flabby  uteroa  nearly  to  its  nomuil  and  bvaltby  con- 
dition. 

3.  Di^leuemeMtt  of  the  WonA. — The  treatment  of 
d)4pliiceinenta  of  the  woinb  by  the  introduction  of 
the  uterine  sound  is  often  unsutiDfnotorj,  as  tlia 
MOnd  cannot  always  rontain  in  tlio  organ,  and 
tbe  moment  it  is  withdrawn  the  body  of  the  uteruK 
&Jhi  back  into  its  old  poiition.  The  pUui  of  intro- 
ducing pessariea  for  recti  ^ng  the  position  of  the 
ntcnis,  was  a  considerable  improvement,  as  tliey  not 
merely  give   mechanical  support,  but  also  tend  to 
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alter  the  tissoe  of  the  womb,  so  as  to  make  it  con- 
tract. Tet  peflsaries  freqaently  give  rise  to  great 
irritatioti  and  inflagimation,  wbich  is  chiefly  due  to 
the  difficnltj  experienced  in  adapting  a  really  well- 
fitting  peflsary  to  the  indiridnal  case,  and  to  the 
mischief  which  remits  if  the  pessary  does  not  fit. 
The  annoyance  and  inconvenience  cansed  to  the 
patient  hy  wearing  a  pessary  is  also  considerable; 
80  that,  if  more  extended  experience  shonld  prove 
that  faradisation  is  of  snbstantial  valne  in  these 
conditions,  a  considerable  therapentical  improve- 
ment wonld  be  effected. 

a,  Anteverrum  and  Anteflexion  of  the  nteras  are 
generally  owing  to  prolonged  congestion,  or  the 
presence  of  a  tamonr,  and  connected  with  engorge- 
ment or  hypertrophy  of  the  anterior  wall  of  the 
uterus.  Such  displacements  are  a  very  frequent 
cause  of  sterility,  for  in  250  cases  of  sterility  ob- 
served by  Dr.  Marion  Sims,  no  less  than  103  patients 
had  aiiteversion.  If  faradisation  is  used  in  such 
cases,  we  ought  to  act  chiefly  on  the  posterior  portion 
of  the  womb,  the  positive  electrode  being  introdnced 
into  the  vagina,  and  the  negative  into  the  rectum. 
The  latter  should  be  moved  about,  during  the  appli- 
cation, so  as  to  increase  its  e."cciting  effect  on  the 
contractile  substance  of  the  womb. 

b.  Retroversion  and  Retroflexion  occur  chiefly  after 
labour  or  miscarria^s,  when  the  uterus  is  large  and 
lax,  and  its  ligaments  longer  than  usual,  and  it  is, 
therefore,  easJy  twisted  and  displaced.     It  may  also 
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Snt  to  introdacc  un  air-pessarj  into  the  rectom,  in 
order  to  nuM  thu  fuudua  aturi.  &n«l  thou  to  pat  the 
negatiTe  pole  to  the  00,  and  the  poaitire  into  tho 
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bliiUder.  Wliere  it  ahoiild  not  be  conreuient  to 
iiitnxluce  xui  electrtxle  into  tlic  bliidder,  a.  moiM^aoil 
apoDge-cotiductor  ma.;  bu  pbwod  to  tlie  abdomiaal 
parietea.  In  anmujTied  vromen,  M.  Tripior  recom- 
mends to  bare  one  electrode  in  the  bladder,  end  a 
bitiircated  apoiige-conductor  for  both  iliac  re^ns. 

e.  In  Prolapnu  of  the  WonUf,  bi-inguino-utorina 
foriLdisation  is,  according  to  M.  Tripior,  a  tt8«ftil 
aoziliaiy,  altLongh  when  used  ulonc,  not  abl«  to  core 
the  prtriapeoB. 

4.  IrritiAU  VUnu. — The  irritable  or  nenralgio 
condition  of  the  uterus  occurs  without  displacement 
or  infliuiiiimtion,  oikI  is  generally  oonsidered  in- 
curable. Fatieotfl  of  thu  kind  live  on  their  8o&  (at 
years,  being  compelled  to  asstune  the  horizontal 
position  br  a  constant  pain  in  the  uterus,  wbicb 
becomes  vorse  on  sitting  or  walking.  I>^iradti(ation 
or  galvanisation  of  tlio  \Toinb  would  probably  cure 
this  todioua  affection. 

5.  Mmorrhagia. — Faradiution  baa  often  bc«n  aoo> 
ceasfiiUy  used  for  anvating  lucmorrhagi'  from  tlif 
uterus,  and  it  appears  i-frtain  that  the  organ  may  bf^ 
rapidly  and  ihorooghly  contracted  by  it.  The  olti- 
mato  effect  roiut,  of  course,  depend  upon  the  cause 
of  the  (liseiise,  which  hon  to  be  treated  aooordtng  to 
the  roquiruDients  of  each  individual  case. 

6.  Stoppage  of  'A«  tjiicUal  SetrtUon. — In  women 
after  parturition,  where  tJie  saention  of  milk  is  tardy, 
either  &om  a  slu;*ei6b  state  of  the  mammary  nerrea, 
^r  from  malnutrition  and  atrophy  of  the  glands  j 
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whore  the  flow  has  been  supproHsed  through  fright 
or  depreiisiDg  mental  emotions,  faradisation  of  the* 
tnanimie  with  moistened  conductors  is  useful.  Mesan. 
Aubert  au<)  Bccqiicrol  were  the  flrst  to  put  thin 
treatment  intu  pntctico.  I  have  myself  tn^'iiti^'d  sove- 
nl  cases  uf  this  kind  with  guud  rusults.  Dr.  Skinner,* 
of  Liverpool,  alao  thinks  famdiaation  bonuficiul 
where  the  luilk  is  absent  firom  the  efTecta  of  muminarj 
inflammation  or  abscess,  or  where  it  lias  been  inad- 
vert4^ntl}-  stopped  h;  the  ftdniinistratiun  of  certain 
niodicinos.  The  folluwiug  is  one  of  Dr.  Skianor's 
caflea: — 

Id  Angast,  1861,  ho  was  cnnsoltvi  by  «  Iiuly,  sgcd  36, 
on  ■ooonnt  of  TagiiisI  irrilation  nnd  aiiwr  morbid  Myin[>- 
toma  re&ultitiK  IVotn  Diui>inia.  Itic  lady  liad  becti  Intrly 
eonfixwd  of  luir  fiflti  child  undrr  tlir  cnrv  of  an  oxpcn- 
mOMl  Hooonoheinr,  and  nhe  was  at  (be  lime  saoktiug  hpr 
lafontb  8bo  wim  urdcrrd  mndrratv  diMcta  of  tiactnro  of  inn 
tkrioo  doily,  but  tbiitmedtmtiuii  was  followed,  in  a  few  days, 
by  a  oamplvtc  stopiiagD  of  the  milk  in  both  l>rt«Nt«.  Vbtr 
rtKlit  brai^l  bad  novt^r  beeu  used  for  sackting  sinco  ati 
attack  of  nianuuuiy  uIhocmm  Kome  year*  beforo,  no  that  he 
iiuiy  applied  ttie  cturoat  to  tbe  loft  hrenst.  At  tli«  time  of 
tbo  application  tlio  jmiient  told  liiiti  (.liat  slie  felt  a  diMtiiict 
sensation  as  of  '  a  rush  of  milk  In  the  brnttt.'  Ou  tlw  18th, 
tbc  pulionl  rvported,  tlial  within  a  few  lioum  of  the  fura- 
disation  a  copious  supjily  of  milk  wns  pununnvnlty  CHtali- 
Itabiid  in  ibo  left  brast.  Uo  won  thou  utked  by  lb«  lady 
if  he  could  do  any  gnoA  to  the  brMut  wbicli  hnd  boem  so 
long  uM)l(iH  an  irgnnU  tlM<  funclioii  nf  burtation.  He  made 
(ho  attampl,  harioff  littlo  (kith  in  the  wiiilied-for  result,  bal 

*  Tha  GalKtagogia*  PrapcttiM  of  FandmtSdo.  Is  TrniMctioaa  gf 
Um  ObgW/Jcal  SociMy  of  LaediM,  1H4. 
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was  agreeably  disappoin'ted  to  find  that,  after  two  brinf 
tiittiDgs  of  little  more  than  five  iiiinat«s  each,  the  right 
breaat  became  as  well  sapplied  with  milk  as  the  left. 


XIX.— TUMOURS. 

Foot  different  methods  of  applying  electricity 
have  been  recommended  and  used  for  the  removaJ 
of  tumouTB.  These  are  faradisation  by  moistened 
conductors  (Meyer) ;  the  galvanic  cautery  (Heider 
and  Middeldorpff) ;  the  external  application  of  gal- 
vanic chains  (Maurice  CoUis)  and  electrolysis  (tiie 
author). 

a.  Faradisation  by  moistened  Conductors  has,  in  the 
hands  of  Dr.  Moritz  Meyer,*  succeeded  in  con- 
siderably reducing  glandular  tumours  of  large  size, 
and  in  which  surgical  operations  were  inapplicable. 
The  method  is,  however,  excessively  tedions,  as 
hundreds  of  applications  are  required  for  powerfully 
iufluencing  the  nutrition  of  the  tumour.  It  is 
possible  that  farado-puncture  might  be  somevfhat 
quicker  in  its  action. 

One  of  Meyer's  cases  was  that  of  a  yonng  lady,  ^ed  25, 
who  HufiereJ  from  a  tumour  on  the  right  aide  of  the  neck, 
which  had  within  four  weeks  of  its  first  appearance  increased 
so  rapidly,  that  it  had  assumed  the  size  of  an  adult's  head. 
Various  re  medial  measures  were  adopted,  such  as  the  iuternal 
and  osterna!  use  of  iodine,  the  baths  of  Kreuznach,  &c.  ;  hut 
Its  no  effect  was  produced,  aud  an  operation  was  imulmissibli^ 
Professor  Langenbeck  advised  the  use  of  electricity.     At 

•  Luc.  eii.  p.  J07. 


I*F.  T.] 


TDMOURS, 


tar 


btjmn  thfi  tntnonr  fiUm]  up  ttie  entire  fipaco  botween  the 
!■  j&w,  t)iu  tiia^tuii]  prooew  aod  thv  tinos  nertuoironlam 
infmnr  i>t'  thp  occipat ;  th«n  procoodsd  povlcoHirl^  loiT«nl» 
llie  vcrtobral  column,  which  w«s  duplaced  to  tliu  lofl  nido, 
Ivrmirinfod  nntcriorly  ia  tlio  miildlv  nf  tlio  throat,  and 
reached  lufvriurljF-  helow  tlio  almaldor  blade,  tli«  movcinant 
nf  tho  latter  t<»«fnrds  thn  i(p!no  being  conridOTKbly  im{>cdod, 
The  tumour  did  not  appc-ar  to  adhere  to  the  bouea,  but  ituh 
•xctmivolf  bard,  vnporaally  in  it*  lower  portion.  'J^m  cir> 
OBiDferance  of  the  left  side  of  the  u«ck  wan  six  inohea,  aad 
ihkt  of  Um)  right  sidf  fnurtnon  incbc*.  Thn  right  iitonio- 
olddo-mactotdrotucIvcouldtiothcDiadeuiit,  audtlniulKTintUi 
«M  complctdlyoovored  bjr  the  Inmonr,  and  the  hmul  turned 
towards  the  lull  fide :  the  l<<a«t  lateral  motion  tow»Td«  th* 
right  side  being  intpiMHiblo.  The  indncpti  eiimtnt  wrMnow 
ncnt  Htruighl  throngh  the  tamnur  \iy  incuris  of  roi'tal  plate* 
oovert'd  with  raoiatened  apougi!.  for  an  hour  or  an  hour 
and  a  half  oooh  time.  After  fiflj-'aix  ouch  application*  the 
hnllc  of  the  tunumr  lutd  been  rudnced  to  one  b«lf  ita  pre* 
vioas  riie,  and  the  upper  part  of  it  wa«  much  aoftcr. 
Al>i!r  144  appliixtionii  the  Kixc  of  the  tumour  wiui  ou1,v  one 
third  itaorigino]  sixo.  The  drnDiaferenni  of  the  right  rido 
of  the  neck  wan  tbint  onlj  ten  and  a  half  iocbM.  Tho 
atemo-cleido-inatitoid  muitclp  pnnid  lie  pininljr  f<dt,  tlie  head 
WM  stnught  and  couhl  be  turned  itli){litl}-  towurdii  the  right 
Hide,  and  tlie  Hpine  wai  no  longor  diKpUced  towards  the 
left.  Alloftether  273  appUmtion«  were  ma4o>.  The  im- 
pQTameDt  wim  ulcailj  bat  did  not  prograe,  when  the 
trmtment  was  iiitermpted.  At  the  end  of  the  trmtmeitt 
tbe  diffcronoo  in  the  circumfeivuL'e  of  Uie  two  aidea  of  lb* 
neck  wan  only  two  inchiM,  and  tho  head  oould  ho  eaail/ 
•lumcd  towmrdii  the  right  side. 


b.  Th4s  galvanic  eavlery  is  a  u)o«t  powerfbl  a^ent, 
means  of  wliicli  manj  farms  of  tumour  inav  be 
lly  remoTttd.    It  u  ohiefljr  appltcuble  U>  super- 
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ficial  tmnoars  and  polypi,  but  has  the  drawback  of 
generally  leaving  nnaightly  Bcais.  The  following  are 
a  few  cases  which  have  been  recently  operated  upon 
by  Mr.  Bryant* : — 

Cviansovt  naevut  over   cheel. — Alice   C ,  aged    four 

moDtliB ;  ncBvas  involving  the  skin  on  the  left  dde  of  the 
chest,  the  size  of  a  crona-piece.  On  January  8,  1869,  it 
was  caaterifled  deeply  with  the  porcelain  cautery,  brought 
to  a  white  heat  by  a  coi!  of  platinom  wire.  The  whole 
growth  was  completely  destroyed,  and  in  two  weekn,  when 
the  eschar  had  separated,  perfect  cicatrisation  had  taken 
place. 

Large  epithelial  cancer  of  Iheperineum  removed  by  catifory  ; 

recovery. — Eliza  L ,  i^ed  fifty-nine,  was  admitted  into 

the  hospital,  under  the  care  of  Dr.  Oldham  and  Mr.  Bryant, 
with  an  epithelial  cancer,  the  size  of  a  crown-piece,  occn- 
pj-iiig  the  perineum,  and  ini-olving  the  anua  and  portion  of 
the  recto-vnginal  septum.  It  had  been  growing  for  two 
years.  On  November  13,  the  patient  being  under  the  in- 
fluence of  chloroform,  Mr.  Brj-ant  isolatfid  the  base  of  the 
growth  by  passing  tjireu  lai^e  pins  beneath  it  into  the 
healthy  tisijues.  Ho  then  passed  round  the  base  of  the  tu- 
mour beneath  the  pios  a  strong  platinum  wire,  and  fixed  it 
to  the  ecrascnr,  Hcrcwing  it  homo.  Junction  was  then  made 
with  the  galvanic  battery,  and  with  u  few  carelully  applied 
screws  of  the  instrument  the  growth  was  removed,  no  drop 
of  blood  showing  itself.  A  white  a.'ih-coloured  surface  was 
left.  UapiJ  recovery  followed  the  operation,  the  patient 
leaving  the  hospital  well  on  December  15. 

Mr.  Bryant  remarked  that  this  case  itluatrated  very  beau- 
tifnlly  the  use  of  the  cautery,  for  the  removal  of  a  tumour  ao 
situated  with  the  knife  would  have  been  very  difficult,  and 
must  liave  been  attended  with  severe  and  troublesome 
hiemorrhage, 
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Sprfadtny   lupnt  of  lite  /i**^   eurtd  hy   the   taniery, — 

Kliwi  T ,   ogcd    30,  cnino   amlcr   Mr.    Bryant's  cww 

witb  u  Kprcailiiig  lujws,  involving  tbo  whole  i>r  Uie  ntue 
Aud  Qpper  lip.  It  liod  oxtxlrd  lor  fbor  jronra,  uid,  in  epito 
or  ii]l  tivatnuint,  biul  tile«dity  progwed.  On  Navsinber 
6,  1868,  it  wa§  fkvioly  muleni>od.  B;  Ui«  t^th  tbo  scab 
wM  coming  nvray,  a  hroUiig  iit)rnu.-w  rvQioiniuft.  By  t)i« 
26tb  tbe  whole  oechar  lind  lUlon  olT,  and  tbo  wound  wm 
BloNiDg.  Br  DuceinWr  8  tli«  woman  iraai  well.  She  wu 
BeoQ  oil  April  10,  whoit  it  was  difficalt  to  make  ont  the 
(•cat  of  tlic  rortncT  disease,  tlio  cioatrioott  being  m  indisUaot, 
and  the  skin  natural. 

e.  Eitvmal  appliratian  of  Qalvanic  Chama. — Tbe 
latv  Ktr.  Collts,  of  Dublin,  lias  used  unall  batturics 
of  zinc  BJid  coppLT  wirt-  vrotind  on  c/limleni  or 
{lintcs  of  wood  covert^l  witli  fvit,  nnd  rendered!  active 
bj  iniinenioDS  in  it  weak  solution  of  sulpburio  acid. 
Tbe  negatiro  pole  i»  broagbt  into  contuct  witb  a 
plate  of  line,  coppt-r,  or  silver  foil,  laid  over  tbv 
tumour,  and  Utc  positive  pole  is  connected  witb  a 
plate  of  copper  laid  somewhere  on  the  general  surface, 
witb  a  preference  to  tbe  spinaj  region.  He  has 
Rucoi.'«dL-d.  by  n  prolonf^Nl  nppltcutioii  of  tbvse  chains, 
in  removing;  or  considerably  reducing  glandular  and 
some  other  kinds  of  tnraonrs. 

d.  Kifcirotj/iU. — Tbe  electmlytio  treatinent  appears 
to  be  tlte  luoflt  nntvenuJly  applicable  method  of 
electrisation  fur  the  caro  of  tumours,  although  it  to 
lot  nearly  so  rapid  as  Ihc  galvanic  cautery,  c«p»- 
wlly  where  the  tumours  are  large.  Its  eflvcta  are 
itially  slow  in  all  tumonrs  except  those  witli 
IS  contents ;  and  it  tends  rather  to  a  profound 
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modification  of  Uie  nutrition  of  Uie  parte  iDvolrml.' 
thait  to  a  sudden  deatntction  of  the  morbid  (*n>«rUi& 
Elcctrol]-8L8  may  Uiercforc  bcdc«cribodua  physiolo- 
gical father  thiui  a  mechauicul  remody.  The  kinds  ot\ 
tumoiir  in  which  electrolysis  has  hitherto  proved 
chielly  HUCVL'Sttful,  arc  niuvus,  bronchocele,  scbaceooa 
ttunoure,  hydatid  tumours  of  the  liver,  and  cancer. 

Case  79.-—Ni>vaiioflhf.  vye-lid;  slKtrolytia ',  cur*. 

In  July,  18()6,  Mr.  Whtt«  Gao'per  reqiiCHtod  mo  to  m* 
witb  him  a  lady.  ngciJ  28,  wlio  had  a  cong«nila1  nnviu  of 
thu  riglit  lower  oyclid,  of  the  mko  of  a  pen,  which  it  was 
thoii)>ht  desimblo  to  r(>move.  I  j^tb  the  opinion  thai  tUt 
might  hii  Mifvly  done  by  ■.•loctroty-iia,  wilhoal  )i«ii)oiTh«ff«, 
and  without  ftulwequoul  iulhuumutJtm,  supjrantion,  or 
Klonghing :  and  we  thoTBforc  tnel  on  July  33.  in  ordn-  to  per 
form  the  u|i«nitiou.  An  the  piittL-ut  wna  ufn  hijihiy  acrudtftrt) 
conHtitntinii,  ohloiMforrn  wnti  ndmininlonid  by  l>r.  Atlaa, 
llydc  Park  Teri-ace,  the  ordimiry  iuL>(licaI  attendaat  or  tbr 
Udy.  Ah  Knan  tw  xW  wiui  fairly  nndcr  lliv  !nfla«iic«  at  il, 
llr.  Wliite  Cooper  introdueed  a  needle  oonne«ted  with  tl^ 
ncgBtiro  pole  of  ton  (lolla  of  tho  bnttery  into  tlie  right  hnlT 
oC  tlie  tmnour,  and  I  closed  the  circuit  by  pWing  &  muiib 
tcncd  oloi:tTodo  ccinnoclod  witli  titc  ponlive  pole  to  tho  ilda 
of  the  neck.  The  ciirrent  wa*  then  allowsd  to  paaa  for 
two  minutcN,  nfWr  wliich  llitt  noodle  was  withdruwn.  Not 
n  drop  of  blood  was  loBt  on  withdrawing  tbo  needle.  Tbv 
paticDt  n'covored  w«U  from  tlie  ehUinform,  snd  niid  that 
sho  felt  no  pain  in  the  part  tliiit  hnd  bcon  ppcntod  tijion. 
hat  merely  a  Mlight  stifToeBd.  Tli«  right  half  of  the  tumoor 
Appeared  shrunk  nntl  shriii-<clled  up,  whilo  the  leA  half  had 
not  been  altvTvd  in  sny  way.  Thin  wsn  uu  iiit«re«ting  eiP- 
cumstanoe,  as  it  showed  tlint  wen  in  w  hrimII  n  tomotir  as 
the  oii«  deocribcd,  thu  action  of  tho  ourreiit  could  be  timitttl 
to  that  portion  of  it  which  wu  in  contact  with  ths  ti-wdk 
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Wo  Bwt  RgkiD  no  Jnly  26,  wbon  the  nuu  operatioo  wut 
perfonned  on  tbo  otbor  luilf  of  tike  tnmoar;  bnt  this  limti 
ttie  patittnl  objected  to  tita  aao  of  ehloroform,  uid  bora 
the  triBiag  paiu  of  the  ^iTaDism  quito  woll  without  it.  I 
bavo  nnl  booh  tlic  pntirnt  nitioo  ;  bnt  rccnircd  on  Ootiibcr 
13  a  ikot^'  from  Dr.  Allan,  iu  which  ho  oitprcaaed  hiuutelT  im 
folloiVK : — '  Mrs.  ■  —  i*  in  lh«  couutrj',  but  lust  tiroo  I 
lienrd  fn>m  her,  she  tuiid  that  the  nvvufl  had  dinppoarei). 
A  (loT^n  yvirn  ago  I  wixhed  it  to  bt'  removed  ;  but  no  one 
would  do  it ;  aud  the  able  and  esteemed  ocuhiit  whom  sIm' 
tlien  consiilte'L,  dcprocntvd  ml\  intwrroronco.  At  longtb  [ 
[icrtinKded  li«r  to  have  another  opinion  (that  of  Ur.  Wliiln 
Cooper).  TIm'  rmtnit  vmn  yoor  ewplojmcnt  of  gnlvanisni, 
with  the  hftppy  eflect  of  complete  obliteration  of  the  evil.' 

Cask  60.— Nannu  of  the  orbit ;  Elcelrolyfis  ;  cure. 

A  male  child,  aged  7  montlut,  iroa  sent  to  mo  b^  Dr. 
Sahnllioff  in  Dot'ember,  18S7,  with  a  cou|^nital  noivua  at 
l,h<^  uniflii  of  th4>  ri^ht  oj:D,paTtof  it  being  intm-orl>ital.  It 
Imd  tlu!  aiie  uf  an  atntond  and  was  highly  Tnaeulur.  W1i«n 
the  obild  wno  5  wooka  old,  tlic  tnmour  wan  on  three  diffonnl 
(■oca^iona  raut«r!»cd  with  nitric  aetd.  TliJ«  (ocoordiBg  to 
till'  iKtraiilo)  aaly  took  the  colimr  out  of  it,  but  did  not 
diminish  tbi-  site  of  the  tumour.  At  2  montbii  of  ago  tlie 
cluldwMvKciBulodinthoiMovnii,  which  for  atimeobooked 
its  growth ;  bat  it  «ooa  afterwards  began  to  inoreaae  again. 
It  waa  llieu  twiw  noro  cAnteriaed  with  nitric  aeid,  but  an 
ihia  bad  no  cAbct,  Hr.  Nunu,  who  was  then  ciini>nlled, 
adrised  liie  am  of  electK^yMia.  Atlcr  five  applicalioti*  tlie 
tumour  Kwraed  entirely  diutroyed,  and  a  iwab  wna  formed, 
which  came  olT  within  two  wmlu.  Tbe  tumour  had  a  eon. 
ndetable  tendency  to  reproduce  iteelf,  and  it  was  tliervfon> 
af^in  elMtrolyMed  from  time  to  time.  Whfii  I  last  taw 
tbe  cliild  (Ocloliur  18l!U),  no  tne-e  of  llie  tiim<itir  wmii  lofl, 
bat  only  n  slight  indnration  of  the  eetlutar  tinaue,  tor  the 
removal  of  wlu<!h  I  recoBuneodod  the  local  applicatioD  of 
tbe  tincture  of  iodine. 

TT 
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Ca8E  81. — Papillary  Growth  in  tke  Arm-pit;  EUctro- 
lyn&  ;  cure. 

A  ladj,  aged  27,  consulted  me  on  NoTember  2l8t,  1866, 
nn  account  of  a  small  papillary  and  highly  vasCDlar  growth 
which  had  first  appeared  in  the  right  axilla  since  the  com- 
mcncpment  of  I860,  and  had  somcwliat  rapidly  iacresBed  in 
Hize  during  the  last  few  months.  It  was  one-ihird  of  an 
int'h  long,  and  one-fonrth  of  an  inch  wide  in  its  widest  part. 
I  intrixluccd  a  needle  connected  with  Gfl-een  cells  of  the 
battery  into  the  base  of  the  tomour,  and  allowed  the  current 
to  pasN  for  three  minntea.  No  chloroform  or  ether  spraj 
was  QRcd.  The  carrent  had  not  acted  many  seconds  when 
a  peculiar  change  was  observed  in  the  tnmoar.  which  lost 
itf  flush-colonr,  and  became  quite  white,  as  if  it  had  been 
frozen.  When  the  needle  was  withdrawn,  oircnlation  in 
the  tumour  had  evidently  qnite  ceiu;ed.  There  was  scarcely 
any  pain  during  the  operation,  and  none  at  all  afterwards, 
wr  wn.s  any  blood  lost. 

NoveiiibiT  23.  —  Tumour  entirely  shrivelled  up,  looking 
like  ft  tliin  brown  leitf  just  adhering  to  the  skin.  The 
op<Tiitii)n  wns  therefore  not  repented. 

UeeemlKT  20. — The  eschar  fell  off  about  a  week  afUfr 
llio  opernlion.  There  is  now  no  sign  that  there  ever  was  a 
tninnur;  no  scar  nor  even  redness  of  (lie  skin  being  per- 
ceptible. 

Case  %2.-~8ehaceoug  Tumnnr  of  the  Nose  ;  Eledrolyma  ; 

cure, 

A  young  lady,  of  considerable  personn]  attractions,  was 
sent  to  me  by  Sir.  White  Cooper,  in  April,  ll:^(>7,  for  a 
ncbaceoua  tumour,  which  she  had  on  the  right  side  of  the 
nose,  near  the  eye,  and  which  had  existed  for  the  last  tlirce 
years.  The  tumour  did  not  give  rise  to  any  inconvenience, 
but  spoilt  her  appearance,  and  she  was  therefore  anxious  to 
have  it  removed.     A  gentle  current  was  used  four  times 
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within  ten  ditvfl.  nfter  irliicb  Oi«  tumour  had  dukppcunid. 
1  HAW  tliix  liulj:  ugnin  in  October,  IK67,  wtionnot  tbasltgbtMt 
scar,  or  erea  ivdneBi  of  Ibe  skin,  wfta  peroejHiblo  on  Iba 
li«rv  tlio  galTnnum  biul  b«on  appliod. 


■r. 


For  goitre  {brvnehoeMe,  Verbt/ihire  neek)  the  electro- 
lytic treatment  is  also  moat  valuable,  because  aujr 
otbcr  surgical  interference  with  such  tumours  ia  so 
(loiigorous  to  life  tlnit  Tew  aor^eotis  arc  willing  to 
opontte.  In  most  of  tlic  emee*  which  have  been 
uihUt  my  care,  Mr.  Pri'aoott  H'-wolt,  Mr.  Pufjct.  Sir 
William  PfP^uMsoD,  Mr.  CuHiar  Hawkins,  and  other 
eminent  sur^'ons,  bad  been  previously  consulted, 
and  pronounced  any  of  the  ordinary  operations  to  be 
^inadinii«:*ible.  All  these  tiunours  wt-rv  solid,  and  of 
Fvory  Inr^re  size,  and  on  that  acoount  required  a  lun^ 
contiuutioee  of  the  treatment;  but  I  believe  that  all 
cuos  of  bronchucele.  however  Urge,  may  be  cured  by 
ctrolyais,  if  the  treatment  be  persevered  in  for  a 
ifficient  Uiue,  The  cystic  variety  is,  of  course, 
much  mont  rapidly  eumblc  with  it  than  the  aolid. 

Dr.  Morell  Mackuiticie.  to  whum  we  are  tndobt«d 
for  BO  much  ttdJitjonal  knowledge  iu  the  pathology 
and  treatment  of  diseases  of  the  throat,  baa  Idodly 
given  me,  in  the  following  lines,  bis  experience  with 
electrolysis  in  cases  of  goitre  t — 

'  I  have  used  electrotysis  a*  recommended  by 
Dr.  Althaus  in  neventl  cosos  of  goitre  with  a  fair 
amount  of  sucoen^.  In  one  instance  is  particular, 
the  treatment  was  rapidly  followotl  by  most  satis- 
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factory  reBulte.     The  following  are  brief  notes  of  the 
case. 

'Adelina  G.,  age  17,  a  native  of  Savoy,  came  nnder 
my  care  at  the  Hospital  for  Diseases  of  the  Throat  on 
June  14, 1867,  on  account  of  a  goitre  wbich  had  been  coming 
on  for  two  years.  The  swelhng  afiected  both  lobea  ;  each 
of  which  appeared  abont  as  large  as  a  moderate-sized 
orange.  The  hypertrophied  tisane  seemed  to  be  of  mode- 
rate density,  nniformly  dietribnted  and  not  oodalar.  The 
neck  measured  eighteen  inches  ronnd,  when  the  tape  was 
carried  over  the  prominences  of  the  thyroid  gland. 

Treatment  by  electrolysis  was  at  once  commenced,  two 
needles  being  introdnced  into  the  enlarged  lobes  and  kept 
in  for  abont  ten  minates.  This  operation  was  repeated  on 
the  16th  and  again  on  the  19th,  on  which  day  there  did 
not  appear  to  be  any  change  in  the  form  or  siae  of  the 
thyroid  glands.  On  the  22nd  the  patient  was  seen  again, 
and  as  she  stated  that  she  was  eure  that  the  throat  was 
much  smaller,  it  was  measured  again  and  found  to  be 
reduced  to  seventeen  inches.  The  reduction  had  princi- 
pally taken  place  in  the  right  lobe.  A  week  later  the  left 
Hide  was  much  smaller,  the  throat  only  measuring  sixteen 
and  a  quarter  inches.  On  July  5  it  was  reduced  to  fifteen 
and  a  half  inches,  and  on  July  11  it  measured  only  fifteen 
inches.  As  there  was  now  no  apparent  enlargement,  the 
treatment,  which  had  been  carried  out  for  less  than  one 
month,  was  discontinued.  The  patient  had  been  previously 
treated  by  an  English  practitioner  who  had  given  her 
medicine  and  tincture  of  iodine  to  apply  externally.  Neither 
had  done  her  any  good,  and  when  she  came  to  the  Hospital, 
treatment  bad  been  altogether  suspended  for  three  months. 
During  the  time  that  the  electrolytic  treatment  was  being 
carried  out,  no  other  remedies  either  external  or  internal 
were  employed. 

So  remarkably  snccesaful  was  the  treatment  that  an 
Italian  gentleman  well  acquainted  with  the  case  called  at 
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tile  Hospital,  Mnw  nontlm  afWwanU,  in  order  to  procure 
ft  bittMrf  of  the  mibs  kind  lor  aw  in  tlie  vilbgv  in  Snrojr, 
wheniso  Atklitin  0.  tiMl  oome.  Altboug^h  be  inforn»«d  in« 
tlint  there  wottt  m&uy  otber  Rimilar  cnees  in  tlifl  nne 
Tillagv,  I  did  not  rccnmnicnd  liim  to  asc  eleotroljna  exofpt 
under  tbn  diiiiotion  of  a  medicnl  |>nwtitioDer. 

'  In  eercT^  other  comb  nndw  mj  care,  benefit  roHulU'd 

from  clootroIyftU.      In  one  terj  dcnm)  hypertrO|>H]r,  th» 

remtlttt  were  uegstivo.     I  consider  tliat  electrolyftin  in  verjr 

^  nteful  in  cjuds  of  moderntc  darataon — «ix  muntbN  to  two 

jeKTs— and  of  yiiddiiig  oonnstence.' 

I  will  only  add  to  tliix  ntntetDeai,  tlikt  in  the  solid 
Tiuni'tjr  a  more  poworiVil  enrrunt  io  required  than  in 
th«  cystic  (to.  from  thirty  to  forty  oclla  iaat«ad  of 
ten  or  fifteen). 

Hydatid  tumium  o/  Me  tir*r. — Hours.  Darluun  and 
^B  Coopor  Forstvr*  bare,  at  Oay's  H<n>pi(»l,  and  the  Royal 
^H'lnGratary  for  Cliildren,  Watarioo  Roiul,  ■uccowfully  olootro- 
^^njrasd  hrgo  hydatid  tumcvin  of  tho  liver.  In  ono  pationti 
^^■vlm  waa  nnd«r  tlir  core  of  Dr.  Uillon  Fa^^ffe.  and  vrb»  was 
^^Foperatod  upon  by  Mr,  Durham,  in  June  iHtiH,  tho  didnmw 
I  in  tho  IwpaU'c  n^iou  mcaaurMi  sevoo  iachos  verlii-ally.  the 
I  nbH  on  iJiat  si-te  wore  bulgod,  and  tho  intnrcontal  spiioiM 
I  pfomini-nL  Two  needle*  were  introduced  into  tlie  mo«t 
^H|iTtiRiiDent  part  of  llio  naclling.  one  piercing  the  spaca 
^^rbetween  the  eighth  nod  ninth  costal  nrtihigee,  and  the 
oilier  aliout  two  inches  bchiiid  it,  betwoon  the  ninth  anil 
tenth  ril)N.  The  niwdleii  viero  pawwd  into  a  depth  of  two 
or  tlirou  inobca.  One  of  them  was  then  evidently  free  ia 
fluid,  for  il  oiuld  he  iniwod  about  aad  mhbod  a^inat  thi9 
other.  The  pcsterior  nt.>i.>d1e  donbileas  paaaed  throngfa  tbo 
lii^faragm,  a*  it  wan  jvriccd  abtmt  by  ilui  rMpiratory  move- 
ment.    Both  needles  were  oonnnoted  with  the  iiegntira 
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pole  of  ten  cells  of  the  battery  fresUy  charged.  The 
positive  pole,  connected  with  a  moistened  condnctor,  wm 
placed  between  and  near  the  Dcedles.  The  carrent  was 
allowed  to  pass  for  twentj-five  miiiDtes,  and  duriiig  this 
time  there  was  a  crackling  feeling  under  the  finger,  as  of 
emph^Bema,  owing  to  the  developinent  of  hydrc^en  from 
the  liquid  of  the  cyst.  After  the  operation  there  was  some 
pain  for  four  or  five  hoars.  In  the  evening  the  tempera- 
ture was  100'9°,  and  the  patient  did  not  sleep  well  that 
night.  Next  day  the  temperatnre  was  996°,  and  oa  the 
morning  after  it  had  risen  to  101'2".  At  this  time  the 
hypochondriacal  tnmour  had  greatly  disappeared,  and  the 
man  expressed  himself  as  feeling  qnite  well.  On  examining 
the  right  side  of  the  chest,  however.  Dr.  Fagge  was  a 
little  startled  at  finding  abaolnte  dnlness  behind,  ap  to  the 
fourth  or  fifth  dorsal  vertebra;  and  over  this  extent  of 
thorax  there  was  loss  of  vocal  vibration,  marked  tubular  respi- 
ration, and  (Bgophonic  character  of  the  voice,  which  afforded 
concluHive  evidence  of  a  largo  effusion  of  fluid.  There 
w;iB  very  alight  pain  about  the  points  where  the  punctures 
had  been  made,  bat  no  pleuritic  pain.  The  man  lay  on  his 
back  and  felt  quite  comfortable.  The  liquid  had  evidently 
been  squeezed  through  the  puncture  in  the  diaphragm  into 
the  pleural  cavity.  The  man  went  on  perfectly  well,  and 
tlie  cheat  symptoma  disappeared  rapidly.  Twenty  days 
aft«r  all  traces  of  the  abdominal  tumour  had  disappeared. 

The  ease  with  which  this  patient  recovered  from 
the  accidental  effnsion  of  decomposed  hydatid  liquid 
into  the  pleural  sac,  adds  one  to  the  many  instances 
which  I  have  myself  observed  of  the  extraordinary 
tolerance  of  the  system  with  regard  to  electrolytic 
operations  in  which  only  the  negative  pole  is  em- 
ployed internally.  K  that  needle  which  in  Dr.  Fagge 'a 
patient  passed  through   the   diaphragm,  had    been 
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connected  witli  the  positire  pole,  the  life  of  the 
patient  might  have  been  placed  iu  great  jeopanlv.  a* 
it  wouM  hiive  introduced  irritaat  utetul  salU  into  the 
carity  of  the  plcunu 

Mr.  Diirliiim  hus  informed  mo  that  ei}>ht  coses  of 
hydattdi;  of  tliw  livor  have  b^-n  eucceesfitlly  electro- 
lysed at  Guy's  Hotipital.  At  the  BoyaJ  Infirmary 
for  Children,  Waterloo  Koad,  Dr.  Phillips  and  Mr. 
Cooper  Forster  liave  nsed  the  same  treatitient  in  a 
child,  aged  13,  which  had  Dn«  tumour  in  tiie  C])i{pis- 
trtum,  and  the  olkcr  at  tlic  lower  border  of  the  livur 
— one  electrolytic  operation  was  auSicient  to  care  iL 
III  this  case  there  was  (|uit<>  a  giudnal  diminution  of 
the  tumour^  without  auy  untoward  symptoms.  Iu 
about  a  wevk  no  margin  could  bo  felt;  and  in  ton 
days  the  liver  could  be  cleorly  mado  out. 

Cancer. — In  my  paper  'on  the  eltH-'trolytic  treatment 
of  tumours  and  uihor  surgical  diKeasea*  (lHt>7j,  I 
expressed  myself  as  follows  concerning  tlia  value  of 
electrolysis  in  canwr : — *  A  Inrger  ex[)criencu  thaw  I 
command  at  present  is  ncd-'ssury  to  ducidu  Uil-  ijues- 
tiou,  wbether  the  electrolytic  treatment  wilt  ervntually 
supersede  the  luethoda  now  in  nae  for  the  remoral  of 
cancer.  .  .  .  El<N;trolyM».  however,  maybe  applied  to 
every  variety  of  cancer,  and  it  seems  to  be  of  little 
coQseqnenoe  whether  or  not  the  tumour  adlic-n^  tti 
the bonea;  a  circumstance  which  often  renders  romoval 
by  Uio  knife  ditheolt  or  impossible.  I  believe  that 
in  this  diHease  the  electrolytic  method  nill  be  found 
geuerully  useful,  not  merely  by  remoii'ing  the  prvsvut 
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tninoiint,  but  also  by  bo  modifying  the  natrition  of 
tlie  purit  concerned,  Uiat  no  relap«e  is  Ukety  to  tiJc« 
pkee  Uiere ;  and  it  muy  Urn*  indirectly  help  towitrdM 
tlie  erodtca-tion  of  tho  cuncM^rouit  diathosiii.  It  is  a 
curious  fact  that  the  peculiar  lancinating  painii  of 
cancer  generally  seem  to  disappear,  or  at  IpokI  to 
diminish  coniiiderably,  itoon  afler  the  commenoemeot 
of  the  eh-ctro1ytic  treatment,  and  long  before  the 
whole  tumour  ha«  diisapi>oitred.' 

I  have  siiccesafully  electrolysed  sereral  cases  of 
cancer ;  but  aa  I  do  not  wish  to  relate  any  casefl  in 
this  section  which  hare  not  been  seen  by  at  lenst  Imo 
medical  practitionera,  I  prefer  to  gire  the  details  of « 
bad  cotK)  of  cancer  which  luui  been  recently  pot  on 
record  by  Dr.  Neftel,*  of  New  York. 

Dr.  Neftel  used  ux  his  case  the  '  serreS'finea  con- 
ductor,' deacribed  in  my  paper  on  the  txeaLtraent  of 
tumours  by  electrolysis,  which  appearod  in  tlw 
'  Medical  Timmi  and  Gazette '  for  Mny  2,  1666  (Tide 
p.  a-il  of  the  present  treatise). 

The  patient  wtu  a  mombcr  of  the  Arocric*n  Congreu. 
ktid  Hgril  ■'ii>.  In  18R8  lii:  cnnNnlled  a  nnrobcr  of  iMmiMint 
Hor^^ns,  both  in  Ijondon  aod  Psris,  who  WSTO  nnaai 
in  their  opinion  concvming  tho  c-aitcBroiu  natnro  of 
IniDODr,  which  occupied  the  lofl  maninullwy  region.  Tbey 
all  rcfafiod  to  opcrato,  an  tlio  csm)  wa»  oven  tlMin  loolccd 
upon  aa  one  of  geueral  infoction  of  tho  Hystem  with  the 
carMirons  potKon,  and  it  vtm.  lliun-fort.'  thotighl  that  n 
iiur||fii.'al  operation  would  only  ocovtcmlo  tho  incritably  Eklal 
rosalt.     Tlic  tumonr  waa  however  eventaally  «xct»ed  by 
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fh.  Mitrion  RinriJt,  in  Parix.  Soon  »ft<ir  the  wonnd  hnil 
liealod,  the  axillarr  glands  of  tiie  left  tiido  hvgHD  U>  onliir^'o 
nnd  fomivil  in  Jnnuiiry,  l>^l>9,  k  tinrd  nwolling  of  tlio  atxe  of 
A  Bat.  Tlic  ]iatictit  and  Dr.  HaHoa  Sims  wcro  both  kt 
thnt  time  in  Now  T«rh,  And  tho  mo«  surgeon  n^iin 
exdsL-d  till.-  iiimuiir,  wtiich  vran  oxhibilnl  nt  a  meeting  of 
trhn  I 'iitlio logical  Soriclj  of  Npw  York,  and  micro wo(iieaUy 
isxaminud  hy  ci>m|ict«Qt  faitttolD^iiit*,  wlio  i>runotiuood  il  to 
bo  cancerous.  DifHim  erysipels«  spt  in  aAor  the  Mcood 
npcr»tiflii,  with  fevnr  nod  tmvere  coniititntiotiiLl  diiitiirhanc« ; 
the  l«n)|>oraturci  rotw  to  IOC,  and  tliore  wera  rifj^ni  nnd 
deliriani.  1'lic  patient  rallird  nflor  h  timo,  bat  tho  wound 
afWwitrdB  healed  very  bIowIj.  Cioatrisfttion  wa«  liafdlj 
oompletml  wbcn  a  fradi  tnmonr  b(>gan  to  dovclop  itaelf  ta 
tliL>  Hgbt  uiammillai^  region.  TbiH  grow  nipidljr,  and  aoou 
attained  the  aixe  of  an  nrango. 

Purl)ier  cargical  proci'dureH  now  appntrcd  inadrntMililii^ 
e§|)coialIf  iM  tlio  gcDcnd  bcolth  of  tho  paiient  bad  given 
way.  Dr.  Ncfbil  tlirrcfort.'  proposed  to  cnnploy  iha  otocSro* 
Ijriic  IreaMnt'nl.  tic  introduced  on  thrae  leveni]  ocoaaioni, 
in  April  anil  May,  ISCD,  at  fimt  two.  tlifln  itirw,  and  at 
last  fonr  gilt  newlles  •ojtaralely  into  tlw  tumour,  iind  vun- 
noctcd  thcui,  by  nii-an»  of  tho  Ncrrec-fincw  cx>ndnotoi%  willi 
the  Dogaliro  polo  of  a  DanieH'fl  battery,  the  positive  eloc- 
tnxlo  being  plaooil  on  U<e  ekin  in  tho  neighbourbood  of  tb« 
tumuiir.  tie  heffan  with  a  oarrent  of  ten  oclla,  which  wiui 
gradually  incrcaMtd  to  thirty.  Tho  Cral  opcntion  laalvd 
two,  tliG  aocond  live,  and  tho  third  ton  minutee.  The 
naodlea  wore  r<-niovvd  wit)i«nt  any  biviaorrliage  taking 
plaoe.  Imiuudiiiloly  after  the  operation  the  tumour  ap- 
pennid  conridsrahly  larger,  from  thv  hydrogtm  wbiiih  had 
beoome  erolvod  in  it,  but  it  waa  aofW  aud  more  alastjo  to 
the  looeh.  No  bver  or  any  oilier  nnpU-amuit  nymptiinii 
■upcrvtriiml ;  on  the  oontisry,  tbo  patiuntv  wlio  had  been 
very  fe«blc,  aiiwrnio  and  cochACtic,  beoune  strongpr  (roin 
day  to  day,  aiKi  tho  toiuour  {(nulually  begun  to  ahrink. 
Two  uontba  aO«r  tha   firat  applii-atioa,    it   had    attiwat 
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entirely  diB&ppeared ;  and  three  mimtliB  after,  no  trace  of  it 
was  left.  The  genera.1  health  of  the  patient  had  improved 
pari  pmeit,  and  was,  when  last  seen,  ewellent.  No  fresh 
tnmoars  had  appeared  anyvrhere. 

Dr.  Neftetis  inclined  to  believe  that  electrolysis  produces 
remote  constitutional  effects,  by  altering  the  condition  of 
the  protoplasm  of  the  cells  in  which  the  poison  of  the  cancer 
is  contained,  and  by  the  propagation  of  which  the  disease 
becomes  constitntional.  As  soon  as  the  protoplasm  baa, 
by  the  electrolytic  process,  lost  its  specific  contagious  qnali- 
ties,  the  cancer  is  prevented  firom  reproducing  itaelt",  and 
gradnally  disappears  through  the  process  of  absorption. 

Lipoma. — Fat  being  &  very  imperfect  conductor  of 
electricity,  lipomas  offer  more  resiatunce  to  the  elec- 
trolytic treatment  than  other  tumours.  They  may, 
however,  be  completely  removed  by  it  in  courae  of 
time.  Free  alkali  being,  by  the  action  of  the  nega^ 
tive  pole,  developed  from  the  bloodvessels  and  the 
connective  tisaue  in  which  the  fat  is  imbedded,  the 
tumour  is  gradually  changed  into  an  emulsion,  which 
ia  absorbed  into  the  geneml  circulation. 

Blight  bleeding  may  aometimee  occur  on  removing 
the  needlea,  if  the  tumour  is  highly  vascular,  the 
{^alvanic  power  employed  very  low,  and  the  needle  is 
too  rapidly  taken  out ;  but  it  can  always  be  stopped 
by  again  applying  the  negative  pole  to  the  puncture. 
As  a  rule,  however,  there  is  not  the  slightest  appear- 
ance of  blood,  if  the  operation  is  carefully  performed. 

In  leaving  this  subject  I  must  lay  stress  on  the 
importance  of  having  a  perfectly  satisfactory  action 
of  the  battery,  as  insufficient  galvanic  power  haa  in 
such  operations,  to  my  knowledge,  been  a  cause  of 
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disappomtmont.  As  refjurds  the  number  of  cell*  to 
be  employed,  we  muat  be  guided  by  tlie  nutMre  of  tbu 
tumour.  For  cyats  and  turaoura  with  sofl  contents 
less  power  tit  required  tlian  for  hard  swelUtig;!!.  Solid 
bronthoctlft  and  tcirrhut  witl  rttut  ten  or  fijlt«n  etUt, 
but  >/Uld  to  thirty  or  forty. 
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XX.— WODNDa  AND  CLCBRa 


T^rtidiraitioit  is  nsefiil  where  ulcers  are  slow  to  lumli 
itnd  aStA^r  aiupututiuiis,  where  the  stomp  is  in  a  bad 
conditioD.  Some  years  a^,  I  treated  by  this  meaus 
a  paOient  upon  whom  Mr.  Sjioncor  Welia  hud  per^ 
formed  amputation  of  the  foiv'lintfer.  Cicatrisation 
had  been  Ti'ry  tardy,  and  although  the  wound  healed 
at  laat,  Uie  stump  remained  Urid,  Tjry  soft,  waa 
exceedingly  sensitive  to  touch,  and  bled  easily. 
Under  the  iiiSuonoe  of  faradisatioii.it  became  much 
firmer,  acqnin-d  a  hi-althier  colonr,  was  leu  sensitive 
to  tondt,  and  never  bled  again.  Mr.  Mitchell  Henry 
luis  informed  me  that  he  baa,  in  patients  who  won 
under  his  care  in  the  liliddleaex  iluspital.  found  tho 
same  mciUM  very  beneficial  for  inipraving  the  seer&> 
tion  of  ulcers ;  and  Dr.  Rnschoab«r}^r,  of  the  United 
States'  Navy,  has  succeMfully  u«ed  the  induced  cur- 
rent  for  the  cure  of  annuuii[>tnble  decubitus.  Mr. 
Nunn,  of  the  Middlesex  Hospital,  baa  aUo  adopted 
this  mode  of  treatment  for  the  sequeloi  of  mammary 
abscess,  in  sinus  of  the  breast,  and  the  painful  isdenui, 
which  is  so  apt  to  remain  after  the  mure  acute  pho- 
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nnmena  of  inflammatiozL  have  snhBided.  In  several 
inetances,  Mr.  Nnnn  has  seen,  after  one  application, 
the  indolent  edges  of  the  Sstolons  opening  assnming 
a  heaJthy  appearance,  and  the  dull  red  colonr  of  the 
infiltrated  sktn  giving  place  to  a  tint  pecnliar  to 
resolution.  In  all  these  cases,  faradisation  acts  lnj 
stimnlating  the  Tasomotor  nerves,  in  consequence  of 
which  the  activity^  of  the  hloodvessels  is  increased, 
and  the  absorption  of  exudation-products  is  pro- 
moted. 

The  continnoas  current  is  likewise  valuable  in  such 
cases.  Mr.  Spencer  Wells,*  who  has  used  it  a  good 
deal,  has  come  to  the  conclusion  that  there  is  no 
means  so  capable  of  producing  a  rapid  growth  of 
healthy  granulations  as  the  continuous  current,  and 
that  often  a  very  beneficial  change  is  effected  in  the 
condition  of  ulcers  within  twenty-four  hours.  Mr. 
Wells  found  that  if  two  slight  excoriationa,  two 
ulcers  or  suppurating  surfaces  on  a  limb  or  any  part 
of  the  body  were  subjected  to  the  action  of  a  single 
galvanic  pair,  the  zinc  being  applied  upon  one  and 
the  silver  upon  the  other,  the  surface  beneath  tlie 
silver  rapidly  cicatrised,  while  that  beneath  the  ziiu' 
was  in  two  days  converted  into  a  superficial  eschiir. 
To  insure  the  passage  of  the  current  it  is  not  nci?essaiy 
to  denude,  but  only  to  moisten  the  cuticle.  If  the 
plates  be  still  kept  applied,  the  eschar  extends  to  the 
subcutaneous   cellular  tissue,  and   presents   all  the 

*  Appendix  to  Dr.  Oolding  Bird'a  I>ctiires  od  Electricity  and  Qal- 
Taniam.     Loadon,  1B19. 
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characters  of  a  slough  produced  by  caostio  potash, 
excRpt  that  the  dead  tissues  are  a  little  less  com[)act. 
After  the  separation  of  these  sloughs  eicutrisaUon 
tiuder  ordiaarj-  applioattoDJ*  U  very  tardy,  but  seto  io 
at  oiioe  if  the  silver  phita  be  uppHed,  zinc  being  Used 
ou  aonie  noighbooring  part. 

Professor  Sdtwanda*  has  usod  static  electricity  for 
the  treatment  of  priniarj-  syphilitic  sores  which  did 
not  heal  under  the  usoa]  applications,  and  seen  them 
heal  rapidly  aft«r  the  electricity  bad  bwu  used. 


XXL— DFJ-TORM  ITl  ES. 

1.  Ctvb-foot, — In  some  forms  of  club-foot,  where 
tlie  deformity  is  caused  by  a  semi-paralytic  condition 

tof  the  tibiiil  muscle*,  famdisation  of  the  latter  has 
done  good.  In  pe«  planus,  where  tlic  sole  luut  lo«t 
IJha  normal  arch,  M.  Dachenne  baa  KCuHimonded 
flvadisatioD  of  the  peronmua  longus  mii8ctL>. 
2,  Curvature  of  Ihe  SptM. — Dr.  Bruckner  f  has 
rwcoDimeiidcd  the  use  of  electrioity  in  cases  of 
BDoUons.  In  order  to  diminish  tlie  lumbar  curvature, 
tho  lumbar  portion  of  the  left  latissiuus  dorsi  muscle 
should  be  faradised.  The  motw  point  of  the  nervus 
Bubscapularis  longns,  which  animates  this  muscle,  ia 
situated  at  the  edge  of  the  muscle,  by  the  arm-pit ; 
thu  ucgativo  pole  should  be  applied  to  this  point, 

•  WwluaUMi  dor  L  k.  OMallMlaft  ia  AanU  is  Wmk.    Fsbrwrjp 
Ifl,  18«B, 
t  Btrtlaw  UioUtKt  VikheaiAnlt.  ISCS.  K«.  4B. 
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while  the  positire  is  placed  alternately  to  the  left  side 
of  the  lumbar  vertebne,  and  to  the  right  Berratas 
major,  and  between  the  rertebral  coiamn  and  the 
scapula.  The  elbcw  shonld,  during  this  application, 
rest  on  the  edge  of  the  chair.  At  the  same  time  the 
continuous  current  should  be  applied  to  both  con- 
cavities for  about  five  minittea.  Aller  three  weeks  of 
this  treatment  Dr.  Bruckner  lets  the  patient  wear  a 
supporting  appaiatns  with  a  steel-belt,  and  cratches 
under  the  arm-pits. 


XSir.— INTRODUCTION  OF  DRUGS  mO  THE  SYSTEM 
BY  THE  AID  OF  ELECTRICITY. 

Fabre-Palaprat  •  has  thought  it   possible  to   introduce 

dras^  iuto  tlie  Immnn  bodv  by  tlie  aiJof  electricity.  He 
fixed  a  compress,  moistened  with  a  solution  ol'  iodide  of 
pota,SHiiim,  and  covered  by  a  plutinnm  disc  connected  with 
the  negnlive  pole  of  a  voltaic  pile  of  thirtj-  pairs  of  plate's, 
on  one  of  his  arms,  and  another  compress,  moistened  with 
a  solntion  of  Klarch,  and  covered  by  a,  platinum  disc  con- 
nected with  the  positive  pole  of  the  battery,  on  thp  other 
arm,  after  which  the  current  was  allowed  to  pass  for  sotoc 
time.  He  says  that  after  a  few  minutes  the  starch  acqiiireil 
ft  blue  tinge,  showing  that  the  iodine  hatl  travelled  from 
one  arm  to  the  other.  Prom  this  and  other  observations  he 
concluded  that  medicinal  substances  might  by  the  galvanic 
current  be  introduced  into  the  system,  and  then  ad  h'bilum 
either  be  allowed  to  remain  iu  it,  or  removed  from  it  aitur 
having  traversed  the  body. 

Our  present  physiological  knowledge  enables  ns  to  Bay 
that  it  is  impossible,  by  any  contrivance,  to  prevent  the 
elimination  of  medicinal  enhstances  from  the  body ;  and 

*  ArchirFB  g6m'raleB  du  MMeeina,  vol.  ii.  p.  433.    Faris,  IB33. 
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ADO  of  Fikl-in^-Pnlnp  rat's  propoatioos  msj  ihervfoiv  i  priori 
be  eliminaicd  from  tlio  iaqnirjr.  The  otli«r  prapcnHtion, 
vii»  tliM  cWtHcitj:-  ron;  mitxo  to  intrxxjuce  dnig^  iiilo  tbe 
Kj-stpni.  in  likpnitto  iintonnble,  as  thoM  wlm  hnro  rr^Mtitloil 
PnlitpraCn  cxpiTinirnbt  liAve  nawr  twen  nl>lo  (u  pcrovire 
uty  pASMt(c»  of  iodii  e  from  the  negative  poie  of  the  Imtlfr^ 
throii){h  tbo  linBian  body  to  tlio  poviliro  pol«.  Wo  mniit 
tbcrefore  conelodo  that  Fabrf-FBlaprnt's  obflorTHiiou§  liare 
not  brcn  idimIc  <HiIi  mflicirat  mrr.  anil  tbat  lie  wau  conae- 
iincnily  Ii-d  Ui  «tohwiiu»  iMnolJunn.  Pi^rliapa  lie  wma 
li>HI^  fit  Tor  makiiigsnob  obserratinni^  iw.  nonordmp  U* 
liiH  own  acoonnt,  lie  raflered  from  '  ecsiatie  Bpouna '  about 
llie  time  w)ien  he  workpd  on  thi«  imlijcot. 

In  \f^U',  lir.  Kli'nk«*  aononnced  tli&t  bo  liad  oiirrd  a 
nnnilwr  of  more  or  Ic^  intmolablo  disoftMM  W  the  gnlvniii<' 
inlrodiioliDn  or  tnoditdnoe  into  the  Kyateni.  For  Btninift 
lie  iiitrodawd  iodide  of  potassiotn.  for  syphilis  mercnry,  Ac. 
Dr.  Hniwpnilriii  t  bos  likrwi»c  pul>li>ibitl  an  abntroMv  oM-moir 

tJii&  subject ;  but  neilbor  Klenko  nor  Hosiensteiu  bare 
able  to  Mtiify  the  profsMon  of  the  Mvnracjr  of  their 
ohwrrattons. 

ViMnie  narwtfrm. — ^Tn  IS.'Sfl  Dr.  Richardaon*  propoand 
to  induce  MiKiathMia  by  ft  mmbinnlion  of  cWtririiy  with 
naroottc*.  I'or  ttiio  lif  niiu<l  1*ulvcnnu«h('r'«  cbaion,  and  a 
Siiliilion  of  (<(|iial  pariA  of  linrluru  of  aroiiit^  and  chloro- 
fom.  Ho  (txpcriinented  on  do^  and  rabbita,  and  aAer- 
mtfda  tm  men ;  and  ptodaci^l  a»ip«t]ii'8ia  to  gnch  an  extent, 
tliM  aerere  opemtioua  could  be  jiDrf»nn«l  wilb  littln  or  no 
pniii.  Tbe  ex|M!i'latitiiis  which  wore  at  lint  entertained  of 
this  new  iikkIi-  i>f  inducing;  aiueittbiiiia  have,  however,  not 
been  realised.  Ur.  Waller  baa  shown  that  tho  npplionlion  of  a 
nixtoivof  o<|iutl  jguiHof  tinHnre  of  aconite  and  dilurafonn 
aloiw  pnMluces  lotte  of  vftScaloHly  and   unarly  ootnpleU 

•  ZaltMhriftmsmrifRtAlIai  IMS. 
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aufeetheBia  in  the  bTunan  akin  in  ten  or  fifteen  minates ; 
tiiat  electricity  neither  retards  nor  accelerates  this  process ; 
that  the  ansstheBia  is  limited  to  the  spot  to  >rhich  tlie  nar- 
cotising mixtckre  is  applied,  and  that  it  is  caused  hy  the 
local  abeorption  of  the  mixtare ;  that  this  absorption  may 
produce  death  in  animals,  and  might  be  dangerons  in 
infants  and  children ;  and  that  the  action  of  the  narcotic 
mixture  with  or  without  electricity,  when  applied  to  the 
healthy  skin,  is  followed  by  a  severe  local  inflammation  of 
an  obstinate  character,  which  would  be  a  bad  complication 
in  Hurgicat  operations. 

Dr.  Richardson  has  since  then  given  to  the  profession  a 
far  readier  means  of  producing  local  anesthesia  in  the  ether- 
apray  ;  and  he  has  thns  made  ample  compensation  for  any 
disappointment  which  may  have  been  caused  by  the  fidlure 
of  voltaic  narcotism. 


XXIII.  — EXTRACTION  OF  METAl-LIC  SUBSTANCES 
P-IIOM  THE  HUMAN  BODY:  THE  ELECTRO-CHE- 
MICAL BATH. 

In  1855  M.  Poey  stated  in  a  paper  which  was  read  before 
the  French  Academy,  that  it  is  possible  to  extract  various 
metallic  substances  from  the  human  bodj'  by  the  aid  of 
electricity ;  whether  they  have  been  taken  as  remedies,  or 
have  become  absorbed  iiit«  the  system  of  persons  occupied 
in  the  diHbrent  arts  and  trades  in  which  their  employment 
is  required.  He  relates  that  an  electro-plater,  at  Havana, 
who  had  frequently  immersed  his  hands  into  solutions  of 
nitrate  and  cyanide  of  gold  and  silver,  became  affected  with 
a  bad  ulcer  which  resisted  every  treatment.  On  one  occa- 
sion, wliile  preparing  a  bath  for  electro- plating,  be  immersed 
Iiis  hands  iuto  the  liquid,  before  the  object  to  be  plated  had 
b'^n  in  it,  and  noticed  that  the  negative  wire  became 
covered  with  a  metallic  coating.  From  this  it  was  con- 
cluded  that  these  deposits   came  from  the  hands  of  the 
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elMitro-plftt«r,  wlio  vim  ndrisoil  by  If.  Pocj  to  repeat  tlio 
cpcivtign  in  order  to  extract  uij  pftrtk-ks  of  niotat  whkli 
mitflil  bo  rumiuuing.  Tlie  roaull  wiui  llmt  kU  huntl  wiui 
complvUily  cured. 

Tbo  '  clectro-ohrantc*)  hath '  oonaiatx  ofk  largo  coppor  tvb 
tilled  with  water,  and  insulated  from  Llie  ((niand;  atid  tli« 
latieot  aiUi  in  the  tnti  no  a  woodaa  ie*t,  wtiich  is  likcwiMi 
iiisulahML  If  mercury,  silver,  or  (C(dd  is  to  be  cxltacted, 
the  wat<!r  in  tbu  tub  in  aciduliilcd  with  nitric  or  liydrv- 
chloric  acid  ;  if  tcod  is  to  bo  i-xiraoled,  ftuljihiuio  avid  is 
added.  One  end  of  tho  tnli  i*  counouted  by  ni(«n«  of  a 
iK'rvw  wilh  the  negntivu  polo  of  »  Iwiti'ry  of  thirty  poira; 
whiki  the  positive  jiotu  is  held  by  the  pnticnt  in  iho  right 
and  tho  lefl  hund  allrrtiatelv.  The  positive  eWtivido  is 
made  of  in>n,  and  covered  with  oiuiiiteucd  linen.  The  gnl- 
VKiiic  oarreul  now  outers  the  body  by  one  of  tlio  arms  :  it 
ciiroalatiM,  nccordiug  to  M.  I'ocy'n  gmphio  (U'Krciptioii. 
crei^rwlicn^  from  Load  to  fuot,  tfsvcraws  all  tho  int(Tii»l 
iirgnnii,  and  even  the  bono*,  Mut*  every  pnrtklo  of  motel 
wliiuh  it  meets  on  its  juiiniey,  restores  it  to  it*  primitiva 
form,  and  do^Mwils  ii  on  tho  enliro  rarfnc-c  of  the  sides  of 
tJie  tub,  nioiv  et[|%-eiully  oppudle  that  purl  of  tlie  body  nhcro 
tlie  metal  is  mippuw-d  to  cnsU  U.  Poey  deaoriboa  tlw  case 
of  ■  iMttflut>  who  complained  of  pain  in  tiie  ann  in  eonae- 
qoonce  of  baring  token  mcrenry  ;  the  man  wiut  put  into  lli« 
buth,  imd  tlio  arm  liccanie  di-liuL-^ited  oti  the  iic^-ative  philv, 
by  the  deposit  of  tho  raotallic  molecule*  whieh  aaao  trota 
the  limb,  ileulan  Btatcs  that  ho  has  drawn  fkum  the  femur 
and  the  tlliiaornDotlior  patient  a  large  quantity  of  mmiir; 
which,  aooordiofc  to  aoiue  phyaieiana,  Ixad  cxitiled  in  tbcM 
bone*  for  fifteen  years. 

Kurtlii^r  TL'ixirta  on  tlic  efficacy  of  the  electro-chemical 
IkiUu  hiirc  cinco  then  Iwcn  braumhl  forward,  hut  in  a  tin- 
gularly  objectionable  manner.  The  latest  publication  on 
lilt*  nuhjcrt  coulninjt,  atnong;«t  other  thing*,  a  foe-Mmilo  of 
the  nietliiU  nbieli  have  bi-i-ii  awnrded  to  a  ushIuuh  advocaia 
of  tho  butli  I     It  would  have  been  muuli  more  Mlis[iM)tar7 
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if,  instead  of  that,  BcdentiBc  proofs  of  the  possibility  of 
extracting  metals  from  the  body  had  been  ^ven.  For  ns 
it  is  impossible  to  niiderstand  how  tie  galvanic  corrent 
cnn  convey  into  the  liquid  of  the  bath,  anil  diffnae  on  the 
nhole  surface  of  the  sides  of  the  tub,  metallic  atoms  whicb, 
Accordiog  to  the  established  laws  of  electro-chemistry, 
ought  to  be  deposited  only  upon  the  surface  of  the  elec- 
trodes. Again,  in  many  ca-ses  patients  are  said  to  have 
been  suiTering  from  the  eflects  of  poisonous  metala  in  the 
Kystem,  but  no  proofs  of  the  actual  presence  of  sucb  metals 
ill  the  body  have  ever  been  forthcoming.  Let  a  patient  be 
put  into  the  bath  where  there  is  no  donbt  about  the  presence 
of  a  foreign  metal  in  the  system  ;  as,  for  instance,  one  who 
has  become  bine  by  the  prolonged  use  of  nitrate  of  silver ; 
when  such  a  patient  has  been  rendered  white  by  the  bath, 
I  shall  be  convinced,  hut  not  until  then.  The  American 
|)atient,  Eli  B.,  who  made  a  tour  of  the  European  hospitals 
ten  years  bjjo,  and  who  was  a  sort  of  celebrity  as  flie 
'  blue  man,'  had  taken  a  large  number  of  electro. chemical 
baths  at  New  York,  in  order  to  get  rid  of  the  blue  colour, 
but  without  the  least  effect ;  and  iliis  is,  in  my  opinion,  a 
utrong  case  against  the  electro -chemical  bath.  1  willingly 
admit  that  in  some  cases  of  rheumatism  and  allied  afl'uc- 
tions  the  elect ro-chemical  bath  may  be  of  service,  eKpecially 
when  combined,  as  is  now  often  done,  wilh  a  local  applica- 
tion of  the  current  to  the  Kuffering  part  ;  but  there  it  does 
not  act  by  extracting  metals ;  nor  can  wo  doubt  that  in 
many  cases  the  electro -chemical  bath  must  be  incfleclivo 
or  hurtful,  where  a  proper  application  of  electricity  to  the 
Buffering  part  alone  might  cure  the  patient. 

XXIV.— THERAPEUTICAL  USE  OF  ELECTRICITY 
IN  MIUWIKEUY. 

Bertholon  in  France,  Herder,  Stein,  and  Kilian  in 
Oermany,  and  Drs.  Radford  and  Barnes  in  this  country, 
have  recommended  and  used  electricity  in  cases  of  tediona 
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liour  nnd  hiciiiori'ha^  from  the  Dlcrus,  erKpocinll^*  in  mma 
irm«  of  ])liicantft  pnvvia ;  nod  for  nriginiiling  iilorinc  von- 
iraaUoos  in  cases  wherv  il  in  neceseary  to  induce  promAluro 
Inbuur.  Ax  bi  tlii.-  modi'  of  applicntjon,  RilJon  biu  recdin- 
meiKlod  Applyiuf*  a  litdvanio  f((rci»p«,  Ihc  bladra  of  wLicli 
iMtixixt  uf  two  diiri.-n.-Dl  mctnlK.  Or.  Riuirord  pnipoHLHl  tlii; 
iipplitTUlIun  of  one  pole  to  the  Bbdoniiiinl  poriolcs  over  tUu 
fiinilnK  otcri,  nnd  of  the  other  to  tbr  oh  uteri  by  itieanii  of « 
vii;{inal  cundocttir.  Air.  Clevvland,  on  tbe  eoiitiarj,  Imii 
dirt-vlinl  tlic  two  polcit  Ut  the  abdonion  extcmully.  nnd  lliu 
tMiui*  prococditi)*  lias  bocn  adoptml  by  Dr.  Bamv*),  wliil«  Ur. 
K.  \V.  MMi;kcii£ic}  itistHts  that  it  in  iKH'tnsary  to  Apply  tl.a 
positive  pole  to  iLu  iiape  of  tbe  neck  itud  llie  n«};ativo  totlin 
cervix  nt«Ti,  if  wu  wisli  to  net  euerguLically  upon  tbo  con- 
tnctile  fibrfroellfl  of  tbe  ntonui. 

Prohmon  Simpson  and  Scanuini  n>n«idor  nloctricity  in 
midirifi-r}-  idl  but  umlesa,  nnd  bidJi've  tliftt  wben  ntcriuti 
action  biis  sppoTPntly  buon  vxcitcd  bj  gmlrnnum,  this  liuH 
Mm  dibvr  a  tnera  ouincJdence,  or  it  bu  mnlted  from 
tho  imprv6«ioD  mndo  on  tbo  mind  of  tbo  patient,  or  by  mv 
cliuucal  irrilutiun  of  Uw  ut«ratt  ur  tlit)  alidoininAl  piirich'H 
by  tbo  vIectirodGs.  1)r.  V.  W.  Uuckonsio's  ciparinxmlx, 
bowvrer,  cxrtainly  »bow  llial  iu  cases  of  pbiecntoJ  pnwwn* 
tution,  in  irliioli  profuse  binDorrbsgos  continDO  to  recur, 
notiritlistandiiifi;  llie  emptojmetit  of  tbo  plug  nnd  other 
tnMBB,  before  tho  os  is  sQiBdontly  dilntod  to  ulniit  of 
inaiiu>l  nnintani'o ;  and  iu  cnscs  of  lutuwrrbngo  in  the 
early  moutliA  of  pn-guancy,  which  resist  oilier  irtatment, 
nnd  which  from  tho  oonittrictod  slate  of  (be  on  nnd  n-rriz 
uteri  do  luit  unlmit  cither  of  nMrchaoical  or  munnni  i»ler< 
fcrvncr,  famduiation  in  invalaoUe. 

This  is  corroborated  by  tile  esperieDCO  of  Ur.  KuIid.* 
ho  used  the  iuductH]  cnrrent  in  the  cnae  of  a  wotnnn  in 
:,  eighteen  hours  afler  deUTery,  tho  pliiiceHln  had  tuit 
n  expelled  on  accoant  of  atony  of  lh«  uloruH.     One 
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condnotor  waa  placed  to  the  cervix,  anotber  to  the  abdo- 
minal parietoa  above  the  nteraa.  The  circuit  had  scarcely 
been  closed  when  the  utemfi  contracted  and  expelled  the 
placenta. 

The  moat  recent  experimenta  on  this  subject  have  been 
made  hj  M.  de  St.  Germain,*  who  states  ^at  in  no  case 
have  aterine  contractions  been  induced  where  they  had 
not  already  spontaneously  commenced.  This  explains, 
acoordiug  to  him,  the  discredit  into  which  the  electric  cur- 
rent haa  fallen  aa  a  means  of  inducing  premature  labour. 
He  has  alao  found  that,  wherever  labour  pains  have  com- 
menced, occurring  at  intervals  of  fifteen  or  twenty  minntes, 
on  the  application  of  the  conductors  to  the  lateral  parts  of 
the  abdomen,  in  about  ten  minutes,  a  remarkable  increase 
of  the  uterine  contractions  occurs,  and  that  contractions  so 
indnced  are  much  more  prolonged  and  more  painfol  than 
others.  The  dilatation  of  the  os  uteri  bos  constantly  taken 
place  with  rapidity,  and  a  fact  to  be  particularly  insisted 
upon,  especially  an  it  is  not  noticed  by  Baruea  and  Rudford, 
is  that  the  expulsion  of  the  placenta  immediately  follows 
that  of  the  infant,  being  cither  spontaneously  projected 
beyond  the  vulva  or  capable  of  removal  without  the 
slightest  tfaction.  la  two  cases  only  the  infaat  exhibited 
a  slight  bluish  colour,  but  in  thc-se  the  cyanosis  conld  be 
explained  by  constriction.  M.  de  St.  Germain  believea 
that  faradisation  should  be  Eubinittt;d  to  fuvthor  investiga- 
tions, and  expects  that  it  will  prove  chiefly  useful  for  a 
rapid  expulsion  of  the  placenta. 

Puerperal  eclampsia. — Mr.  Parsons,  of  Islip,tlias  recorded 
tlio  cnse  of  a  woman  who,  during  her  seventh  confinement, 
was  taken  ill  with  severe  and  fiuquent  eclamptic  fits,  with 
ctimpleto  cessation  of  uterine  cuutraotious.  Ho  applied 
gulvanism  (faradisation)  externally,  with  immediate  eflect, 
liio   bags  of  membrane   becoming  tense   and    protrfiding 

•  Medicnl  Times  Rnd  Gazrtte,  Nuvember  13,  ISGS. 
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CONCLDDINQ  REMARKS^ 

Ihraofrh  (he  <m,  Witliin  thn».qn(irl4'r»  of»ii  botirfrom  tli« 
eoroinonceiii<>nl  of  tlic  galv&iii^m  lli«  child  vraa  brim  ;  iKc 
gklvaoiEin  wm  •gwn  applied  dIW  tho  placontn  lind  been 
oxpcllod,  in  order  to  ensure  jwrfecl  coiilruction.  Althoagli 
thoro  was  ftlbnminiinn,  lb(<  pnlicnt  made  n  good  rvcoverjr. 
ftnd  BVTvr  luul  ft  return  orUie  fiUi  lifUrivardB. 

lo  coDclu«ion,  I  will  »tiy  a  few  words  on  Uie  oeci- 
doDto  which  maj  be  catLsed  bjr  vn  injudicious  appli- 
cation of  tiloctricitjr.  This  poworful  u^ctit  in  not  one 
of  ibosu  reincdii^fl  which,  if  thc-y  do  no  good,  con  do 
no  harm  ;  bat  on  the  conliurjr,  it  may,  in  the  hands 
of  an  inexpericiiCL-d  operator,  do  a  great  deal  of 
uischtcf.  Ulindness  haa  been  caused  bj  an  im- 
proper application  of  the  continuous  current  to  the 
fiivo;  fainting;,  cramps,  hysterical  fits,  and  polsit^a 
have  been  induced  bj-  admini8t«rinff  powerful  shocks ; 
and  fretib  ajiojilpctic  attacks  have  thus  come  on  in 
patients  who  liad  suffered  before  fVtjm  hicmorrbago 
into  the  brain.  Aocideuts  of  this  kind  can  onl/  bo 
avoided  if  tlio  operator  is  guided  by  physiological 
knowledge  and  sufficient  thum[K!iitical  eiporience. 
"With  this  romcdy  more  than  with  any  other  the 
mode  of  application  has  an  all-important  bi>aring 
upon  the  results ;  for  it  is  not  electricity  that  cures 
diaeoMfl,  but  the  physician,  who  may  cure  diseosi-s  ' 
>j  meftns  of  electricity. 
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